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PREFACE. 



The improvements in the education of youth, 
the taste for mental culture generally diffused, and 
particularly • the facilities introduced for commenc- 
ing study at a much earlier period of life than for- 
merly, render it important that the circle of knowl- 
edge to be acquired should be greatly enlarged. 
Every enlightened citizen and well-wisher to the 
rising generation must perceive that the march of 
improvement requires the arts and sciences em- 
phatically termed liberal, to be introduced into our 
common schools. Here a large proportion of the 
community complete their education. 

Among the sciences, Astronomy, most happily 
adapted to enlarge and elevate the mind, must hold 
a distinguished place. When its importance, as 
the foundation of other arts and sciences, and the 
grandeur of the objects brought into view, are con- 
sidered, it must be wonderful that it has not been 
more generally introduced. 



IV PREFACE. 

In the following Compendium of Astronomy, it 
has been the aim of the author to render the prin- 
ciples of the science so simple, that they may be 
easily understood ; not only by the scholar who 
spends a few weeks at an academy, but by him 
whose means and views do not carry him beyond 
the common school. 

The questions at the close of the chapters and 
sections are intended to aid the teacher, and not to 
prevent his own, which ought to be often proposed. 
The questions inserted are important in reviews. 
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INTRODUCTION. 



The term Astronomy, like most terms of science, 
is derived from the ancient Greek language. As^ 
tronomia, astronomy, is compounded of astron^ a star 
or constellation, and nomos, a law, the law of the 
stars. It may be defined the science which treats 
of the heavenly bodies. 

Astronomy is a science of great antiquity. Its 
early history has too many allegorical representa- 
tions to admit of a satisfactory elucidation. It is, 
however, probable, that some scanty knowledge of 
^ this science must have been nearly coeval with the 
existence of man. The grandeur of the delightful 
canopy extended over his head, must have attracted 
the curiosity of the most careless and rude wander- 
er of the forest, much more of the attentive shep- 
herd. Besides, the common concerns of life are in 
some measure regulated by a partial knowledge of 
astronomy. 

Both the Chaldeans and Egyptians claimed a very 
high antiquity ; and equally claimed the honor of 
being the first cultivators of astronomy. It may not 
be easy, at this late day, to determine which has the 
best founded claim. Most authors seem agreed in 
fixing the origin of this science either in Chaldea or 
Egypt. The shepherds, who " watched their flocks 
1 



2 INTRODUCTION. 

by night," on the beautiful plains of Babylon, or in 
the extended vale of the Nile, could not be careless 
spectators of the varying aspects of the heavens. 
The tower of Belus was the boast of the Chaldeans. 
This is thought by some to have been an astronom- 
ical observatory. They gloried in their astronomer, 
Zoroaster, placed by them 600 years before the de- 
struction of Troy. The Egyptians, with equal os- 
tentation, vaunted of their priests. The colleges of 
these they considered as the depositaries of every 
species of knowledge. In the monument of Osy- 
mandyas, it is said, there was a golden circle of 365 
cubits in circumference, divided into 365 equal 
parts, according to the days of the year, with the 
heliacal rising and setting of the stars for each day. 
It is proper to state, that, whatever may be thought 
of the tower of Belus, or the circle of Osyman- 
dyas, both the Chaldeans and Egyptians were ex- 
tremely well situated for astronomical observations, 
being almost always favored with a pure atmos- 
phere, and a sky of delightful serenity. A very fa- 
vorable opinion of the Egyptians must be formed 
from the position which they gave to their pyramids, 
the faces of these being accurately directed to the 
four cardinal points of the heavens. 

Besides the Chaldeans and Egyptians, the Arabi- 
ans may justly claim a high antiquity in astronom- 
ical knowledge. The land of Uz, famous for the 
afflictions of Job, was without doiibt a district of 
Arabia. Authors are agreed, that the book of Job 
is very ancient — is unrivalled in antiquity, except, 
perhaps, by the books of Moses. From the &mil- 
iar manner in which Arcturus, Orion^ and Pleiades 
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are introduced in that bo<A, it may be ascertained, 
that not only were names given to some of the 
stars, but constellations had been designated and 
named, so as to become objects of general notoriety. 

'^ Among other relations of this kind may be 
reckoned what is mentioned by Josephus in his An- 
tiquities, who, in speaking of the progress that had 
been made in astronomy by Seth and his posterity, 
before the deluge, asserts, that they engraved the 
principles of the science on two pillars, one of stone 
and the other of brick, called the pillars of Seth ; 
and that the former of these was entire in his time. 
He also ascribes to the antediluvians a knowl- 
edge of the astronomical cycle of 600 years, which 
Mantucla, in his Historic des Mathematiques, 
thinks, with much greater reason, was an invention 
of the Chaldeans ; and that whatever information 
was possessed by the Jewish annalist, with respect to 
this memorable period, was probably obtained ei- 
ther from that people, or from sope ancient writings 
which no longer exist." 

Astronomy is a science useful and sublime in the 
highest degree. It is useful, not only on its own 
account, but as the foundation of other arts and< 
sciences ; and sublime, as it elevates the soul above . 
tlie little objects of this world to scenes of infinite 
grandeur. 

Navigation, as an art or a science, is dependent 
on the principles of astronomy. The varying com- 
pass would not form a sure guide to the mariner on 
the pathless ocean, were it not for corrections de- 
rived firom observation on the heavenly bodies* 
Geography is equally dependent. By astronomy 
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tre ascertained the figure and magnitude of the 
Earth. The knowledge of latitude and longitude) 
the situation and distance of places the most re^ 
mo4e» the true bearing of countries in respect to 
each other, and their magnitude or extension, are 
most accurately obtained by astronomical principles. 
But above all, astronomy affords the most enlarged 
and sublime views of the Creator's works. In the 
vast expanse of the universe, the astronomer be- 
hdds the stars, which bespangle and adorn our can- 
opy, magnified into so many suns, surrounded with 
worlds of unknown extent, constituting systems 
multiplied beyond the utmost bound of human im- 
agination, and measured only by the omnipresence 
of Jehovah ; all moving in harmony, in subjection 
to his omnipotent control. ^^ The kewena declare the 
glory of Gon, and the Jhrmament shjoweth his handy 
teorJc,^' ^^ An undevout astronomer is mad." 

There have been three great systems of astrono- 
my — the Ptolemaic, the Brahean, and the Coperni- 
can. The former two, however, though dignified 
by the name of systems^ are more properly denomi- 
nated hypotheses. 

The Ptolemaic system takes its name firom Clau- 
dius Ptolemeus, or Ptolemy, who flourished at Alex- 
andria or Pelusium in Egypt, in the second century 
of the Christian era, in the reigns of Adrian and 
Antoninus, the Roman emperors. In this system, 
the Earth was supposed at rest in the centre of the 
universe, around which the Moon, Mercury, Venus, 
the Sun, Mars, Jupiter and Saturn revolved. 
Above the planets this hypothesis placed the firma* 
meat of stars and the two crystalline spheres, all 
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included in the primum mohiU giving motion to the 
whole. Still higher, according to some, he conceiv- 
ed, was placed the empyrtum heaven, or heaven of 
heavens ; all revolving round the Earth from east to 
west in twenty-four hours, according to the ideas of 
the iUiterate in all ages. (Plate I. Fig. 1.) 

The different phases of Mercury and Venus, their 
superior conjunctions without oppositions, and the 
apparent retrograde motion of all the primary plan- 
ets, show the absurdity of this hypothesis. 

Tycho Brahe was a»native of Sweden, being born 
at Knudstorp, in the year 1546 ; though, from edu- 
cation and residence in Denmark, considered a 
Dane. This celebrated astronomer was acquainted 
with the Copemican system, published before his 
time. But, rejecting some of its most simple prin- 
ciples, because he thought them irreconcilable to 
the literal meaning of some texts of scripture, he 
adopted some of the greatest absurdities, of Ptole- 
my, in other respects making his system agree with 
the rules of modem astronomy. 

In his system the Earth is supposed at rest, the 
Sun and Moon revolving round it as the centre of 
their motion, while the other planets revolve around 
the Sun, and are carried with it about the Earth. 
(Plate 1. Fig. 2.) 

By this hypothesis the phases of Mercury and 
Venus may be explained. But no satisfactory ex- 
planation can be given by it of the opposition of 
the superior planets. Both the Ptolemaic and Bra- 
hean systems are contrary to the modern principles 
of calculating and projecting eclipses. 

TJie Copemican system is now universally adopt- 
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ed by astronomers as the true solar system. Some 
of the ancient Egyptians discovered the revolution 
of Mercury and Venus round the Sun. The gener- 
al principles of the system were afterwards taught 
privately by Pythagoras to his disciples, five hun- 
dred years before the Christian era. But, being af- 
terwards rejected, it was nearly lost, till revived by 
Copernicus, a native of Thorn, in Polish Prussia. 
In the centre of this system is placed the Sun, 
around which the primary planets revolve from west 
to east. The Eaxth turns on its axis. The 
Moon revolves round the Earth. The other. secon- 
dary planets perform their revolutions around their 
primaries from west to east, at different distances 
and at different times, the satellites of Herschel 
only excepted. Beyond these, at an immense dis- 
tance, are the fixed stars, as centres to other sys- 
tems. (Plate 1. Fig. 3.*) 

Some authors inform us, that Copernicus finished 
his great work in 1530; but did not venture it in 
print till near the time of his death, which happen- 
ed on the twenty-second of May, 1543. He died 
suddenly, by the rupture of a blood-vessel, soon af- 
ter completing his seventieth year, and a few days 
after revising the first proof of his work. 
• Copernicus was an accurate mathematician, and 
applied his useful knowledge to the improvement of 
astronomy. Perplexed with the epicycles and ec- 

* In this figure, the orbits are delineated, nearly as possible, ac- 
cording to their elliptical form, and in due proportion. The stars 
of the xodiac are ^aced according to their true situation in the ce- 
lestial zone. In Uie diagrams of some works, the orbits of the in- 
ferior planets are represented greatly enlarged beyond their proper 
dfapMigiont. 
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centrics, by which Ptolemy attempted to account 
for the irregular motion of the heavenly bodies, he 
searched the lore of antiquity. ^ He tried to find 
among the ancient philosophers a more simple ar- 
rangement of the universe. He found, that many 
of them had supposed Venus and Mercury to move 
round the Sun ; that Nicetas, according to Cicero, 
made the Earth revolve on its axis, and by this 
means freed the celestial sphere firom that incon* 
ceivable velocity, which must have been attributed 
to it to accomplish its diurnal revolution. He 
learned from Aristotle and Plutarch, that the Pythag- 
oreans had made the Earth and planets move round 
the iSun, which they placed in the centre of the uni- 
verse. These luminous ideas 8truck> him. He ap- 
plied them to the astronomical observations, which 
time had multipUed, and had the satisfaction to see 
them yield, without difficulty, to the theory of the 
motion of the Earth. The diurnal revolution of the 
heavens was only an illusion due to the rotation of 
the Earth, and the precession of the equinoxes is 
reduced to a slight motion of the terrestrial axis. 
The circles, imagined by Ptolemy, to explain the 
alternate, direct and retrograde motions of the 
planets, disappeared. Copernicus only saw in these 
singular phenomena the appearances produced by 
the motion of the Earth round the Sun with that of 
the planets ; and he determined, hence, the respec- 
tive dimensions of their orbits, which till then were 
unknown. Finally, every thing in this system an- 
nounced that beautiful simplicity in the operations 
of nature, which delights so much when we are 
fortunate enough to discover it. Copernicus pub* 
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lished it in his work On the Celestial Revolutions. 
Not to shock received prejudices, he presented it 
under the form of an hypothesis. " Astronomers," 
said he, in his dedication to Paul III, " being per- 
mitted to imagine circles, to explain the motion of 
the stars, I thought myself equally entitled to exam- 
ine, if the supposition of the motion of the Earth 
would render the theory of these appearances more 
exact and simple." 

From what is the term astrowtmy derived ? Of what is it com- 
pounded ? How lon^ has the science of astronomy been cultivat- 
ed P What natioBs claim the honor of being the first astronomers ? 
At what time did the astronomer Zoroaster live ? What was in 
the monument of Osymandyas ? Why were both Chaldea and 
Egypt peculiarly favorable for astronomical observations ? What 
omer nations may claim a high antiquity in the science of astron- 
omy ? Where was the land of Uz ? fxnr what was it distinguish- 
ed ? Why are we to suppose from the book of Job that the Ara- 
bians were astronomers? What does Josephus sav concerning 
the knowledge of astronomy before the deluge ? Wnat were the 
pillars of Seth ? By whom was the astronomical cycle of 600 
years invented ? On what account is astronomy useful ? Why is 
navigation dependent on astronomy ? Why geography ? Why 
does it afford a sublime view of the Creator's works ? What noted 
systems of astronomy have there been? From what does the 
rtolemaic take i)s name ? What was it P What shows the ab- 
surdity of this hypothesis ? Who was Tycho Brahe ? Why did 
he reject the Cop«rnican svstem? What was the Brahean sys- 
tem ? What cannot be explained by the Brahean system ? Which 
is the true solar system? By whom and when was this first 
taught? Who was Copernicus? How are the heavenly bodies 
arranged in his system ? When did Copernicus finish his work ? 
What led him to consider other systems absurd ? What did he ' 
discover by investigation ? Under what form did he present his 
system? 
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OF ASTRONOMICAL TERMS 



AUitude is an arch of a vertical circle intercepted between 
the centre of a heavenly body and the horizon. 

Amplitude is the distance of a heavenly body from the east 
or west point of the horizon, measured on an arch of that cir- 
cle, tiie body being in it, or referred to it by a verticle. 

JbnJdpodtiy inhabitants living at opposite points of the Earth's 
surface, under opposite meridians and in oi^>oeite parallels. 

AnUtcif inhabitants living under the same meridian, but in 
opposite parallels, north and south. 

Aphdiony the point in the orbit of a planet farthest distant 
from the Sun. 

Apogetf the point in the Moon's oibit most distant from the 
Earth. The term is sometimes applied to the Sun's place when 
farthest from the Earth. 

Apsisy the aphelion or perihelion point. The line connect- 
ing' these is called the line of the apsides. 

Arch of a circle, a part or portion of the circnmfereiice. 

AsteroidSy foui small planets between Mans and Jupiter. 

Axis, an imaginary line on which the Sun or a planet re- 
volves. 

A^mvihy the distance of a heavenly body from the north or 
south point of the horizon, when the body is in that circle, or 
referred to it by a verticle. 

Cenlr^ugalJoTctj that by which a revolving body endeav- 
ors to recede from the centre of its motion. 

Centripetal forcej that which attracts a revolving body to the 
centre. 

Cometj a celestial body moving round the Sun in an orbit 
ve^ eccentric. 

Canjunction^ the meeting of heavenly bodies in the same 
longitude, on me same side of the Earth, though they may not 
be in the same liititude. 

CansteUation, a number of stars contained in an assumed 
figure. 
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Cosines^ cotangtntSy and cotectfnit, are sineB, tangents, and 
secants of the complement of an aich. 

Cycle, a period of time. 

Dedinaium, the angular distance of a heavenly body from 
the equator. 

Dichotomized, divided into two parts. 

Diek of ihe Sun or a planet, the hemisphere piesented to an 
observer, appearing like a plain circle. 

Eccentncihi, the distance in a planet's orbit between one of 
the foci and the centre. 

Eclipse, a partial or total obscuration of a heavenly body. 

Ecliptic, a great circle in which the Earth performs its an- 
nual revolution round the Sun ; or in which the Sun appears to 
revolve round the Earth. 

Elongation, the angular distance of a heavenly body from 
the centre of its motion ; as a planet from the Sun. or a secon- 
dary from its primary. 

fyact, the excess of the solar above the lunar year of 354 
days, or 12 mean lunations. 

Equator, a great circle of the Earth drawn round the cen- 
tre from east to west. 

Equinox, a point in the ecliptic, where it is cut by the equa- 
tor. There are two equinoxes, the vernal and autumnal. 

Focus, a point in the elliptical orbit of a planet, round 
which it revolves. 

Foci, the plural of focus, two points in the transverse axis 
of a planet's orbit 

Galaxy, the milky way. 

Geocentric motion, the apparent motion of a planet as seen 
from the Earth. 

Gibbous, convex, protuberant ; applied to the Moon between 
the first quarter and the frill, or 'between the full and last quar- 
ter ; also applied to some of the planets. 

Globe, a sphere representing the Earth or visible heavens. 

Golden number, a period of 19 years ; the cycle of the Moon. 

Heliocentric motion, the motion of a planet as seen from the 
Sun. 

Hemisphere, half of a sphere or globe. 

Horizon, a great circle of the Earth, 90*' from the zenith of 
a place, the plane of which divides the Earth into upper and 
lower hemispheres. This is denominated the rational horizon. 
The sensible horizon is the circle which bounds our siffht. 

Inclination, the angular distance between the orbit of a 
planet and the ecliptic. 

Latitude of a heaverdy body, its distance north or south from 
the ecliptic. 

Latitude, on the Earth, the distance north or south from the 
equator. 
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LibraUon of ihe Moon, a periodical iiregularity in her mo- 
tion, by which exactly the same face is not always presented 
to the Earth. 

lAmita in a planet's orbit, two points farthest distant from 
the nodes. 

Longitude of a hecBverdy hodjfy its distance on the ecliptic 
from the first of Aries to the intersection of a secondary pass- 
ing through the body. It is reckoned eastward 360°. 

Longitude on the ikarihf the distance east or west from a fixed 
meridian. 

Meridian^ a ^eat circle of the sphere, encompassing the 
Earth from norm to south. Half of this \a sometimes called a 
meridian. 

JVadir, the point in the heavens directly under the observer, 
and opposite to the zenith. 

J^i^nd(Bf telescopic stars cloudy in appearance. 

J^ode, a point at which the orbit of a planet crosses the 
plane of the ecliptic. The intersection where the planet 
passes to the nortii is denominated the ascending node ; 
where it passes to the south, the descending node ; above be- 
ing often used for norths and below for souui, in astronomical 
terms. 

OUate spheroid^ a spherical body flatted at the poles. 

Obliquity^ inclination, the angular distance of a circle from 
the ecliptic. 

Oblique sphere, a position of the sphere, in which the equa- 
tor and parsQlels cross the horizon in an oblique direction. 

Opposition, opposite part of the heavens. Two bodies are 
said to be in opposition, when their distance of longitude ia 
180°, though they may not be in the same degree of celestial 
latitude. 

Orbit, the figure described by a planet in its revolution 
round the Sun, or its primary. 

Parallax, the angular difference between the true and ap- 
parent place of a heavenly body. 

. Parallel sphere, a position of the sphere, in which the par- 
allels of latitude and the equator appear parallel to the horizon. 

Penumh'a, the partial shadow of the Moon. 

Perigee, the point in the Moon's orbit nearest to the Earth ; 
sometimes applied to the place of the Sun, when nearest to the 
Earth. 

PeruBci, inhabitants in the same parallels, but under oppo- 
site meridians. 

Perihelion, the point in the orbit of a planet nearest to the 
Sun. 

Phases, the different appearances of the Moon, Mercury and 
Venus, as the illuminated side is difier9ntly presented to a 
spectator. 
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Ph/momenon, appearance, often a novel appearance. 

Phenomena^ plural of phefiomenorL 

Planetj a heavenly body revolving round the Sun, or some 
primary planet. 

Plane of a planet's orbit, that imaginary surface in which it 
lies ; or a supposed even surface between every part of its 
circumference. 

Polar circles, two circles drawn round the Earth from east to 
west, parallel to the equator, about 23° 2& from the poles. 

Poles of a placet or the Sun, the extremities of its axis. 

Precession of the equinoxes, their retrograde motion in the 
heavens. 

Primary planets, those which perform their revolutions im- 
mediately round the Sun. 

Projectile force, that which impels a body in a right line. 

Quadrature, a quarter, a point in the celestial sphere 90° 
from the Sun. 

Qiiadrani, the fourth part of a circle. 

Radius, a right line from the centre of a circle to the cir- 
cumference. 

Refraction, the turning of a ray of light from a straight 
course. 

Retrograde 7notion, apparent motion from east to west. 

Right angle, 90°. When a line falls on another line, mak- 
ing the angles on each side equal, each is a right angle. 

Right ascension, the distance of a heavenly body from the 
first of Aries on the equator, or referred to that circle by a 
secondary. It is reckoned from the first of Aries to the point 
where the secondary, passing through the body, cuts the 
equator. 

Secondary planets, satellites or moons, small planets revolv- 
ing round some of the primary planets. 

Secondary to a great circle, a great circle crossing it at right 
angles. 

Sidereal revolution, the time of a planet's revolving from a 
star to the same star again. 

Sine, a line drawn from one end of an arch perpendicular 
to the radius. 

Solstices, two points in the ecliptic, 90° from the equinoxes. 

Star, a luminous heavenly body shining by its own light. 

Synodical revolution, the time intervening between the con- 
junction of a planet with the Sun, and the succeeding conjunc- 
tion of the same bodies. 

Syzygy, the conjunction or opposition of a planet with the 
Sun ; as tJie change or ftQl of tiie Moon. 

Tangent, a right line touching the circumference of a cir- 
cle perpendicular to tiie radius. 

Tide, the alternate ebbing and flowing of the sea. 
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Transverse, the longest axis of an ellipse. 

Tvopicdl revolution^ the time intervening between a planet's 
passing a node and coming to the same n<Ae again. 

Tropics, two circles parallel to the equator, at the distance 
of about 23^ 28^. 

TtoUigiht, crepuBculum, the partial lif^ht before sunrise in 
the morning and alter sunset in the evenmg. 

Vector radius, a line from a planet, in any part of its orbit, to 
the Sun. 

Vertical eirdes, circles cutting the horizon at right angles, 
and passing through the zenith and nadir of a place. 

Zenith, me point in the heavens directly over the observer. 
The zenith and nadir are the poles of the horizon. 

Zodiacal light, a pyramid or trian£fular beam of tight, round- 
ed a little at the vertex, appearing before the twilight of the 
morning and after the twilight of the evening. 

Zodicui, a broad circle in the heavens between two lines on 
each side of the ecliptic, and parallel to it at eight degrees 
distance. 

Zone, literally a belt or girdle ; a large division of the 
Earth's surface. 
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ASTRONOMY. 



CHAPTER I. 

Section I. The Solar System. 

The Sun with bis attendant planets and comets con- 
stitute the solar system. 

Conceive a large gilt ball suspended m open space, 
with several smaller nails moving around it from west to 
east, at different distances and with unequal velocity ; 
imagine those nearest the lai^e ball to have the swiftest 
motion, and that the movement of the odiers is more 
and more slow, as you pass to those most remote ; im- 
a^e further, that several of the revolving balls have 
others moving round them, and carried with them, or 
round the central ball, and that all these motions are 
perpetual, and you will have some imperfect idea of the 
solar system. The idea will be more complete, if occa- 
sionally a ball with a fiery tram, or twl, be conceived 
moving with great vdocity in a direction nearly to the 
central ball ; but that, passing ix>und this, it recedes with 
retarded motion, the train increasing as it draws towards 
the centre, and diminishing as it recedes. 

It is important that every instructer in astronomy 
should be furnished with an orrery. In want of this, 
balls may be formed of soft materials. But the whole 
may be supplied by a fruitful imagination. This alone 
may bear me student from the baUs or the orrery to the 
great heavenly bodies, their movement, and distances. 
To give a clear view of the whole, as suspended and re- 



16 THE SUN. 

volving in infinite space, is an object deserving the assid- 
uous care of the well-informed teacher. 

What constitute the solar system ? How raa^ the solar system 
be represented ? What may supply the place of an orrery ? 

Section II. Of the Sun, 

The Sun is the great source of light and heat to the 
bodies of the solar system. It is an object pre-emi- 
nent ; of inconceivaUe utility and grandeur. Difiusine 
its rays to an immense distance, and filling a sphere of 
incomprehensible extent, it gives life and motion to 
innumerable objects* In some humble measure it re- 
sembles its Divme Author. Tlie most minute bein^ 
are not overlooked; the greatest are subject to his 
control. 

The Sun is considered in the lower focus of the 
planetary orbits. But if the centre of the Sun be con- 
sidered the focus of Mercury's orbit, die common cen- 
tre of gravity between Mercury and the Sun will be the 
focus of Venus's orbit ; and the common centre of grav- 
ity between Mercury, Venus, and the Sun will be the 
focus of the Earth's orbit. Thus the attraction of the 
planets nearest the Sun will in a small degree afiect the 
foci of those more remote. Except the foci of Saturn 
and Herschel, however, those of all the orbits will not 
be sensibly removed from the centre of the Sun. Nor 
will the foci of Saturn and Herschel be sensibly differ- 
ent from the common centre of gravity between Jupiter 
and the Sun. 

Though stationary in respect to surrounding objects, 
the Sun is not destitute of motion. It revolves on its 
axis from west to east in25 d. 15 h. 16 m., or, according 
to some authors, in 25 d. 10 h. The Sun's rotation is 
known from the revolution of its spots. 

The form of the sun is globular. This is demonstra- 
ble from its always appearing a flat, bright circle, what- 
ever side is presented to the observer. The diameter 
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of the Sun is 883,246 miles ; its circumference 2^74,897 
miles. The Sun b 1,364,115 times larger than the 
Earth. Thus, surpassing in creatness the globe we in- 
habit more than 1^ miUion tunes, it swells beyond our 
conception. Some imperfect idesf of the immense mag- 
nitude of die Sun may be formed by one or two com- 
putations. A celestial courier, passing at die rate of for- 
ty miles a day, would be about 190 Julian years in cir- 
cumambulating the Sun. If the Sun were a hollow globe, 
and the Earth placed at its centre, the Moon, at its pres- 
ent distance mxn the Earth, 240,000 miles, might 
revolve uninterrupted, being but little more than half 
way from the centre to the circumference of the Sun. 
Such a hollow globe might, therefore, contain within it- 
self a brilliant system of revolving worlds. 

The physical construcdon of the Sun has excited 
much inquiry and speculation. From time immemorial, 
an opinion seems to have prevailed, that the Sun was a 
globe d[ fire. Some say, ^' The Sun shines, and his rays, 
collected by cwicave mirrors, or convex lenses, bum, 
consume, and melt the most solid bodies^ else convert 
them into ashes or gas ; wherefore, al^Hle force of the 
solar rays is diminished by their diverg^, in a duplicate 
ratio of the distances reciprocally taken, it is evident 
their force and effect are the same, when collected by a 
bumins lens or mirror, as if we were at such a distance 
from the Sun, where they were equally dense. The 
Sun's rays, therefore, in the neighborhood dt the Sun, 
produce the same effects as might be expected firom the 
most vehement fire; consequendy, the Sun is a fiery 
substance." The force of this reasoning would lead us 
to conclude, that, however antiquated or repudiated the 
opinion may be, that the Sun is a globe ot fire, its sur- 
face must resemble a vast combustion. 

But if heat ccxne from the Sun, or the moving cause 
of heat originate in that luminary, why is it always cold 
in the upper regions of the air, though nearer the Sun 
than the surfiice of the Earth ? and why are the tops of 
lofty mountabs covered with perpetual snow, even un- 
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der the equator ? The reply is, that animal heat is gen- 
erated in the lungs from the oxygen of the atmosphere ; 
that air is a bad conductor of heat, and of course a good 
defence against cold, or rather preservative of heat, pre- 
venting its escape from the body. The more dense the 
air is, therefore, the warmer is any situation. 

The density of the atmosphere is considered as de- 
creasing in a geometrical proportion upwards from the 
surface of the Earth. If the decrease be not always 
thus proportioned, it is well ascertained by experiments 
on the tops of lofty mountains, that the air becomes very 
rare in high regions. Hence the supply of heat firom the 
oxygen of the atmosphere, and the security against cold, 
or the preservation of heat firom the non-conductins 
power of the air, are greatly dimmished. This must af- 
fect sensation, and in some degree the thermometer. 
But this is not the only cause, perhaps not the principal 
cause, why high regions of the air are cold. According 
to chemists, all bodies, even those to us the most frigid, 
radiate heat. Hence, on the common surface of the 
Earth, not the^Ej^at mass of the globe only, but other 
bodies innume^Be, with which we are surrounded, sup- 
ply us with hear But the elevated observer on the top 
of Chimborazo or Himmaleh is retired, in some meas- 
ure, above the influence of the Earth, and the bodies on 
its surface. He must exhaust his own treasure of heat, 
while, except immediately from the Sun, he can receive 
next to nothing in return. It may be added, that heat, 
or caloric, is by very many considered a fluid put in ac- 
tion by the Sun's rays. If so, it may be confined near 
the surface of the Earth, or be far short of the atmos- 
phere in height. On the modem theory of caloric, 
therefore, elevation must greatly diminish, rather than in- 
crease the heat. 

The highest elevation to which human beings can as- 
cend, though quite a proportion in regard to die height 
of the atmosphere, vanishes, when compared with the 
distance of the Sun. What are four or five miles in 
comparison to ninety-five millions ! No mountain is so 
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elevated, no balloon can ascend so h^h, as to make 
any perceptible difference in respect to the distance of 
the Sun. 

In regard to the ancient theory, it is worthy of notice, 
that the powerful attraction of the Sun is incompatible 
with its being a mass of ilame only, and the spots on its 
surface are conclusive, that in part, at least, it must be 
composed of other matter. 

The celebrity of Dr. Herschel, and the ingenuity of 
his hypothesis respecting the Sun, make this hypothesis 
deserve some particular consideration. Rejecting the 
terms spoUy nucleiy penumbnej facula, and lucidiy he 
adopts openings y shallows^ ridges^ nodules^ corrugations^ 
indentations, and pores. Openings^ he says, are those 
places, where, by the accidental removal of the luminous 
clouds of the Sun, its own solid body may be seen ; 
and this not being lucid, the openings, through which we 
see it, may, by a common telescope, be mistaken for 
mere black spots. 

Shallows are extensive and level depressions of the 
luminous solar clouds, generally surrounding the open- 
ings to a considerable extent. Being less luminous than 
the rest of the Sun, they seem to have some very im- 
perfect resemblance to penumbrae, which occasioned 
them formerly to be so called. 

Ridges are elevations of luminous matter, extended 
in rows of irregular arrangement. 

JVodules are also elevations of luminous matter, but 
confined in extent to a small space. Those ridges and 
nodules, being brighter than the general surface of the 
Sun, and slightly differing from it in color, have been 
called luculi Knd facida. 

Corrugations are a remarkable unevenness or asperi- 
ty, peculiar to the luminous clouds, extending over the 
whole apparent surface of the Sun. The depressed 
parts of the corrugations being less luminous than those 
more elevated, the disk of the Sun has^ a variegated or 
" motded" appearance. 

Lidentatians are the low or depressed parts of the 
corrugations. 
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Pares are very small openings about the middle of 
the indentations. 

By a number of observations he would evince, that 
the appearances, called spotSj in the Sun, are real open- 
ings in the luminous clouds of the solar atmosphere. 

His next series of observations is adduced to prove, 
that the appearances, which have been called penum- 
bra, are real depressions, or shallows. Following these 
are others, aUeged to show, that ridges are elevation^ 
above the luminous solar clouds ; that nodules are small 
but highly elevated luminous places ; that corrugations 
consist of elevations and depressions ; that mdentations 
are dark places of the corrugations ; and that pores are 
tlie low places of indentations. He hence infers, that 
the several phenomena, above enumerated, could not ap- 
pear, if the Sun's shining matter were a liquid ; since, by 
the laws of hydrostatics, the openings, shallows, indenta- 
tions, and pores, would instantly be filled up ; and ridges 
and nodules could not preserve their elevation a single 
moment. But many openings have been known to last 
during a whole revolution of the Sun ; and elevations 
large in extent have continued for several days. Much 
less can this shining matter be an elastic fluid of an at- 
mospheric nature; because this would be still more 
ready to assume a level by filling up the low places. It 
must therefore exist in the manner of luminous, empyre- 
al, or phosphoric clouds, suspended in the higher regions 
of the solar atmosphere. 

" It appears highly probable," says Dr. Brewster, " and 
consistent with other discoveries, that the dark solid nu- 
cleus of the Sun is the magazine, irom which its heat is 
discharged, while the luminous or phosphorescent mantle, 
which mat heat feedlyjbervades, is the region whence its 
light is generated." The high authority of these men 
does not free their hypotheses from objection. If the 
spots are openings only in the luminous clouds of the 
Sun, why are they stationary for so long a time, except 
as they partake of the Sun's rotation ; and why should 
beat be emitted from the dark body of the Sun, and not 
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fiom its lununoiis mantle, wbeti that mantle has so much 
the appearance of flame, from which heat is generally 
diflbsra on the earth ? But mvesti^tions into the na- 
ture of the Sun must be attended with so much uncer- 
tainty, that periiaps no theory on the subject can be free 
from objection. 

Much light has been thrown upon heat or cabric by 
the improvements of modem cliemistry. But satisfac- 
tory conclusions concerning its nature cannot be drawn. 
Lord Bacon considered heat " the efEect of an intestine 
motion, or mutual collision of the particles of the body 
heated, an expansiire undulatoiy motion in the minute 
parts of the body." Count Rumibrd's experiments 
seemed to show, that caloric '^ was imponderable, and ca- 
pable of beine produced ad infimiMm from a finite quanti- 
ty of matter. He concluded^ that ^* it must be an efkct 
arising from some species of o(Mrpuscular acticxi amongit 
the constituent parts of the body* Other chemists con- 
sider it " an elastic fluid m gtneris,^^* 

Mr. Dick, a Scotch author of much ingenuitjr, in his 
Christian Philosopher, has a note on the planet Mercu- 
ry, deserving consideration. '^ From a variety of facts, 
which have been observed in relation to the production 
of cahric, it does npt appear probable, that the degree 
of heat on the surfaces of difierent planets is inversely 
proportional to the square of their respective distances 
from the Sun. It is more probable, that it depends 
chiefly on the distribution of the substance of caloric on 
the surfaces, and throughout the atmospheres of these 
bodies, in difierent quantities, accordmg to the different 
situations they occupy in the solar system; and that 
these different quantities of caloric are put into action by 
the influence or the solar rays, so as to produce that de- 
gree of sensible heat requisite for each respective plane- 
tary globe. On this hypothesis, which is corroborated 
by a great variety of facts and experiments, there may 
be no more senable heat felt on the surface of the planet 

* Of its own kind. 
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Mercury, than on the surface of Herschel, although one of 
these bodies is nearly fifty limes nearer the Sun than the 
other. We have only to suppose, that a small quantity 
of caloric exists in Mercury, and a lai^er quantity in Her- 
schel, proportionate to his distance from the centre of the 
system. On this ground, we have no reason to believe, 
either that the planets nearest the Sun are parched 
with excessive heat, or that those that are most distant 
are exposed to all the rigor of insufferable cold ; or that 
the different degrees of temperature which may be 
ibund in these bodies, render them unfit for being the 
abodes of sensitive and intellectual beings." 

This theory of caloric is modem and popular ; but, 
like others on the same subject, does not command un- 
qualified assent. If heat be a fluid only, why is it ra- 
diated by all bodies ? and why, reflected, does it pass 
from object to object in raysy a manner so dissimilar to 
the movement of other miids? It may be that the 
learned world must foe content, as in attraction, with 
knowing ^e operations of heat, without being able to 
investigate its nature. 

Any uncertainty respecting caloric, must rest on the 
ph3rsical construction of the Sun, the prime agent of 
heat in whatever way produced. From what has been 
said of solar clouds, it must be apparent that some au- 
thors consider the Sun surrounded by an atmosphere of 
vast extent. They ground their opinion principally on 
the authoritv of Dr. Hersdhel, supported by his observa- 
tions. ** The height of the atmosphere he computes to 
be not less than eighteen hundred forty-three, nor more 
than two thousand seven hundred sixty-five miles, con- 
sisting of two regions ; that nearest the Sun being opaque, 
and probably resembling the clouds of our Earth ; the 
outermost emitting vast quantities of light, and forming 
the apparent luminous globe we behold." 

Harriot, an Englishman, or Fabricius, a German, first 
discovered the spots on the Sun, about the year 1610. 
According to some authors, they were first seen by Gal- 
ileo, or Scheiner. An account of his observations on 
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them was published by Fabricius in 1611. The spots 
are various in shape and magnitude. Some have been 
observed large enough to cover the whole eastern conti- 
nent, Europe^ Asia, and Africa ; some to cover the sur&ce 
of the whole Earth ; and one was observed by Dr. Her- 
schel, in 1799, computed to be more than fiil^ thousand 
miles int diameter. In most of them, there is a very dark 
nucleus, surrounded by an umbra, or fainter shade. A 
distinct and well-defined boundary intervenes between 
the umbra and nucleus. The part of the umbra nearest 
the dark nucleus is generally brighter than that portion 
which is more distant. •*' 

A spot on the Sun appears ai |)ie E|]rth to perform a 
revolution round the Sun from west to east in a litde 
more than twenty-seven days, a period longer than the 
time in which the Sun revolves on its axis. The excess 
is occasioned by the motion of the Earth in its orbit. 
The spots on the Sun are generally confined to a zone 
extending about 35^ each way from the solar equator. 
None have been seen nearer the poles than the solar lat- 
itude of 390 6'. 

The Sun rarely appears pure and unsullied by spot$. 
Sometimes, however, none are seen on his disk for sever- 
al years in succession. From the year 1676 to the 
year 1684, not a sinde spot was seen on the Sun. 

The light of the ^m is progresave, and not instanta- 
neous, as formerly supposed. It is a litde more than 
eight minutes in coming firom the Sun to the Earth. On 
this account, the Sun md other heavenly bodies appear 
to the east of their true place. Let S be the Sun, 
(Plate V. Fig. 4^ A B C the equator, or a parallel of 
latitude on £e Earth. If light were instantaneous, it 
would be noon at A, when the Sun is on the meridian, 
as at D. But as light is progressive, a meridian must 
pass more than two degrees eastward fix>m A to B, after 
a ray is emitted finom the Sun, before it arrives at the 
Earth. The Sun, when over die meridian at A, must 
appear at E. The student may think it move truly Co- 
pemican to be told, that light, emitted from the Sun 
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towards a spectator^ does not arrive at him, but pre- 
sents the image of that kminary to inhabitants two de- 
grees to the west of his meridian. 

What is the Son ? . How is the Son placed in respect to the plan- 
etary orbits ? Has the Sun any motion ?. How often does it. turn 
on its axis ? How is it proved that the San is globular ? What is 
its diameter ? Its circumference ? How many times larger than 
the Earth is the Sun ? How lonff would a celestial courier, passing 
at the rate of 40 miles in a day, be in circumambulating the Sun? 
Would 240,000 miles, the distance of the Moon from the Earth, 
reach from the centre to the circumference of the Sun ? What was 
the ancient opinion respecting the physical construction of the 
Sun ? What must the surface of th^ Sun re8e;g^le ? If heat come 
from the Sun, whvi&it always cold iA^a><tt^per regions of the air ? 
Does the height o^Se mo|^^evated mountain, or of the atmos- 
phere, bear any peSKptible proportion to the distance of the Sun 
irom the Earth ? According to Dr. Herschel's opinion, are there 
spots on the Sun ? What was Dr. Herschel's hypothesis respecting 
the Sun ? What are openings ? What are shallows ? What are 
ridges ? What are nodules P What are corrugations .'* What are 
indentations ? What are pores ? What was Dr. Brewster's opin- 
ion respecting the physical construction of the Sun ? What objec- 
tion can be made to the theories of Dr. Brewster and Dr. Herschel ? 
What were the opinions of different authors respecting heat or ca- 
loric ? What objection is there to Mr. Dick's theory ? Has the Sun 
an atmosphere ? What is considered its height ? By whom were 
spots first discovered on tiie Sun.^ At what time were they dis- 
covered ? How large spots have been seen.? Does the Sun ever 
appear free from spots f Is the li^ht of the Sun instantaneous ? In 
what time does it come from the* Bun to us ? Do the heavenly 
bodies appear in their true place ^ 



Section III. Of the Planets. 

The word planet is derived from the Latin planeta. 
This is a derivative from the Greek planao, I cause to 
wander. The Greek primitive planee, error, or wan- 
dering, is the root, or original word. 

From modem discoveries, the primary planets may 
now be reckoned eleven — ^Mercury, Venus, the Earth, 
Mars, Vesta, Juno, Ceres, Pallas, Jupiter, Saturn, and 
Herschel. All these revolve round the Sun in ellipti- 
cal orbits f^Qtn west to east, at different distances and in 
different times. (Plate i. Fig. 3.) 
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faghteen secondary planets, or satellites, have been 
discovered. One revolves round the Earth; four round 
Jupiter ; seven round Saturn ; and ^x round Herschel. 

All the primary planets are governed by two great 
fundamental laws, called, from their discoverer, the great 
laws of Kepler. 

1. If a line be conceived drawn from a planet to the 
Sun, called a vector radius^ such a line would pass over 
equal areas in equal times. 

2. The squares of the periodical times are as the 
cubes of their mean distances from the Sun. 

These are established laws " between the rate of mo- 
tion in any revolving body, whether primary or seconda-' 
ry, and its distance from the central body, about wliich 
it revolves." They ^ust, therefore, apply to the satel- 
lites in revolving around their jmmaries. 

From what ii the word planet derived ? What are primary plan- 
ets P How many primary planets are there ? What are secondary 
planets ? How many secondary planets have been discovered 
Which of the primaries have satellites ? How many have each ? 



Section IV. Of Mercury, 

Mercury is the planet nearest the Sun. So it is still 
considered, after the most accurate modem discoveries. 
It shmes by a very briUiant and white light ; but the 
short period in which it can be viewed, and the position 
of its body seen through the mists of the horizon, have 
prevented important discoveries being made on its sur- 
face. Of all the planets, Mercury is the most swift in its 
motion. On this account, the name was given to it by 
the ancients after *^ the nimble messenger of the gods." 
It was " represented by the figure of a youth with wings 
at his head and feet ; whence is derived ^ , the charac- 
ter by which it is commonly represented." So great is 
the velocity of this planet, that it performs more than two 
revolutions to one of Venus, and, commencing at a con- 
junction, would pass the Earth three times before it would 
3 
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/ 

complete a period, the synodic revolution of Mercury^ 
as seen by us, being 115 d. 21 h. 3 m. 34 s. 

The mean diameter of the Sun, as seen from Mercu- 
ry, is 1° 22^ His mean distance from the Sun is to 
that of the Earth about as 4 to 10.3. The intensity of 
the light and heat of the Sun at Mercury must be about 
as 6.6- to 1 at the Earth, being inversely as the squares 
of the distances. 

The heat of the Sun at Mercury was found by Sir 
Isaac Newton sufficient to make water boil. Hence be- 
ings constituted like the inhabitants of this Earth, cannot 
endure the climate of Mercury, if Sir Isaac was riglit, 
and the degree of heat be in proportion to the proximity 
of the planet to the Sun. But, from what has been be- 
fore considered, the circumstances of caloric and atmos- 
phere may be so diversified ; they may be so rare at the 
surface of Mercury, as to render the climate of this plan- 
et not only tolerable, but salubrious, a comfortable abode 
for animal life. This, however, we know, that, with infi- 
nite ease, the Deity could form constitutions suited to auay 
situation or climate, destined by him for the creatures of 
his care. 

The surface of Mercury contains nearly thirty-two 
millions of square miles. It may therefore sustain a 
population far more numerous than the present inhabit- 
ants of the Earth. 

AccOTding to Dr. Herschel, Mercury is equally lu- 
minous in every part of his body, having neither dark 
spots nor uneven edge, but a disk well defined in every 
part. Mr. Schroeter, on the contrary, pretends to have 
discovered in this planet not dark spots only, but moun- 
tains. On the authority of the latter observer rests the 
discovery of a revolution of Mercury on his axis. 

ELEMENTS OF MERCURY. 

Diameter, 3180 miles. 

Mean diameter, as seen from the Sun, 16^^ 

^Inclination of its orbit to the ecliptic, 7^ 0' \". 
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Tropical revolution, 87 d. 23 h. 14 m. 33 s. 
Sidereal revolution, 87 d. 23 b. 15 m. 44 s. 
Hourly motion in orbit, 110,113 miles. 
Place of ascending node, 16° 19^ 1(K', Taurus.* 
Place of descending node, 16^ ly lOK', Scorpio. 
Motion of tbe nodes in longitude for 100 years, 1^ 

12' 10'^ 
Retrograde motion of the nodes in 100 years, 11' 22'^ 
Place of aphelion, 8s 14° 49^ 54''. 
Motion of tbe aphelion in longitude for 100 years, 

lo 33' 45". 
Diurnal rotation, according to Schroeter, 24 h. 5 m. 

28 s. 
Mean distance from the Sun, 37,000,000 miles. 
Eccentricity, 7,557,630 miles. 

How is Mercury ntaated ? With what li^ht does it ihine ? Why 
was it called Mercury ? What is the velocity of Mercury compar- 
ed with that of Venus and the Earth ? How much greater is the 
intensity of the Sun's light and heat at Mercury than at the Earth ? 
W^t did Sir Isaac Newton find the heat of the Sun at Mercury to 
be ? Can Mercury be habitable ? What population may Mercury 
sustain ? How did the disk of Mercury appear to Pr. Herschel ? 
How did it appear to Schroeter? 



Section V. Of Venus. 

Venus is to us among the most brilliant of the lumi- 
naries seen in the nocturnal heavens. She appears 
west of the Sun from her inferior to her superior con- 
junction, and, rising before him, is called Phosphor, Lu- 
cifer, or the jnoming star. Appearing east of the Sun 
from her superior to her inferior conjunction, she sets af- 
ter him, and is called Hesperus, Vesper, or the evening 
star. She is in rotation east or west of the Sun about 
292 days ; but, obscured by his light when near that lu- 
minary, she is not visible quite so long. It is said, that, 
before the time of Pythagoras, the morning -and evening 

* In the elements of the planets, when there is a variation by 
time, the computation is to the 1st of January, 1831. 
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stars were supposed to be different^ and that he first dis- 
covered tlieai to be the same. 

The apparent motion of Venus round the Sun is re- 
tarded by tlie motion of the Earth in its orbit, both hems 
in the same direction. Her real revolution is performed 
in 224 d. 16 h. 49 m. 15s.; her apparent or synodic, 
in 583 d. 22 h. 7 m. 20 s. She appears, therefore, east 
or west of the Sun longer than the whole time of a revo- 
lution in her orbit. 

" Venus is denoted by the character 9 , which is sup- 
posed to be a rude representation of a female figure, with 
a trailing or flowing robe.'' 

Venus must at times present to the inhabitants of 
Mercury a view far more brilliant than can be enjoyed 
by us. When at her least distance, she turns to them 
her whole illuminated side. But when she is nearest to 
us, her dark side is towards the Earth. 

This planet is distant from the Earth, when nearest, 
about 27,000,000 miles ; when most remote, about 
1 63,000,000 miles. " Were the whole of its enlightened 
surface turned towards the Earth, when it is nearest, it 
would exhibit a light and brilliancy twenty-five times 
greater than it generally does, and appear like a small 
brilliant moon." DicTc^s Christian Philosopher. 

The bright side -of Venus is turned nearly or quite to- 
wards us, at her superior conjunction ; but she is then 
invisible, being near the Sun, or hidden behind his body. 
When visible, and the illuminated part nearly round be- 
fore or after that conjunction, she appears small, on ac- 
count of her great distance. 

Venus shines with a light extremely pleasant. Her 
silver brightness far surpasses that of the Moon, and is 
unequalled by any of the heavenly luminaries, except 
sometimes by Jupiter, or by Sirius, the most brilliant of 
the " starry train." Venus may occasionally be seen in 
the day time by the naked eye. The obstruction of her 
morning and evening light frequently causes shadows, 
well defined, like those of a new moon. 

The distance of Venus from the Sun is to that of the 
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Earth from the Sun about as 7 to 10. The light and 
heat derived from the solar rays are to the mhabitants of 
Venus nearly double to those enjoyed by the inhabitants 
of the Earth. 

Dr. Herschel observed spots on Venus. To him she 
appeared much brighter round her limb than at the in- 
tervening line between the enlightened and dark part ot 
her disk. From this he concluded that Venus, like the 
Earth, had an atnoosphere, and tliat it was more luminous 
than the body of the planet. The height of this atmos- 
phere, according to the computation of some, is about 
fifty miles. Such computation, however, ought to be re- 
ceived with great allowance for uncertainty. The sur- 
face of the planet being enveloped in her atmosphere, 
may be the reason that so few spots have been seen on 
her disk. Plate iii. fig. 1 represents the spots on Venus 
observed by Bianchini. On the nineteentli of June, 
1780, Dr. Herschel observed the spots as represented in 
fig. 2, where a d c'ls s. spot of darkish blue color, and 
c e i a brighter spot. They meet in an angle at the point 
c, about one third of the diameter of Venus from the cusp 
a. Fig. 3 represents the appearance of Venus with her 
blunt horn and rugged edge. 

"Mr. Schroeter," says Dr. Brewster, " seems to have 
been very successfiil in his observations upon Venus; 
but the results which he has obtained are more different 
than could have been wished from the observations of 
Dr. Herschel. He discovered several mountains in this 
planet, and found that, like those of the Moon, they were 
always highest in the southern hemisphere ; their per- 
pendicular heights being nearly as the diameters of their 
respective planets. From the eleventh of December, 
1789, to the eleventh of January, 1790, the southern 
hemisphere of Venus appeared much blunted with an 
enlightened mountain, in the dark hemisphere, nearly 22 
miles high." He states the result of four mountains 
measured by him : 



First, 22.05 miles. 
Second, 18.97 " 

3* 



Third, 11.44 miles« 
Fourth, 10.84 " 
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The bluntness and sharpness, alternately apparent in 
the horns of Venus, arise, he supposes, from the shadows 
of high mountains. 

From the changes which appear in her dark spots, 
and, as inferred by Mr. Schroeter, from the illumination 
of her cusps when she is near her inferior conjunction, 
the atmosphere of Venus is considered very dense. 

The diameter of Venus lias been considered about 
220 miles shorter than that of the Earth. But it ap- 
pears from the measurements of Dr. Herschel, that her 
apparent mean diameter, reduced to the distance of the 
Earth, is 18^^79, that of the Earth being 17''.3. " This 
result," says Dr. Brewster, " is rather surprising ; but the 
observations have the appearance of accuracy." 

ELEMENTS OF VENUS. 

Inclination of her orbit to the ecliptic, 3^ 23' 32''. 
Diameter, 7,687 miles.* 
Mean diameter, as seen from the Sun, 23".3. 
Tropical revolution, 224 d. 16 fa. 46 m. 15 s. 
Sidereal revolution, 224 d. 16 h. 49 m. 15 s. 
Hourly motion in orbit, 79,226 miles. 
Place of ascending node, Gemini, 15^ 8' 9". 
Place of descending node, Sagittarius, 15° 8' 9". 
Motion of the nodes in longitude for 100 years, 51' 40". 
Retrograde motion of the nodes in 100 years, 

31' 52". 
Place of the aphelion, 10s 9^ r 19". 
Motion of the aphelion in longitude for 100 years, 

1° 21' 0". 
Diurnal rotation, 23 h. 20 m. 59 s. 
Mean distance from the Sun, 68,000,000 miles. 
Eccentricity, 473,100. 

When is Venus morning and when evening star ? By what names 
is she called ? How long docs she appear east or west of the Sun ? 
Who first discovered that the momiiig and evening stars were the 
same ? Why has Veniw this cliaracter^ 9 ? How must Venus ap- 

* According to Dr. Herschel, 8,648 miles. 
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pear to the inhabitimts of Mercury ? Were the whole enlin^htened 
side of Venus turned towards us when she is nearest the earth, 
how would she appear ? Is Venus visible in the day time ? How 
do shadows appear in her light ? How are the lijrht and heat of 
the Sun at Venus compared with the same at the Earth ? Has Ve- 
nus an atmosphere ? How high did Mr. Schroeter make the 
mountains of Venus ? 



Section VI. Of Mercury and Venus. 

Mercury and Venus are both constant attendants on 
the Sun ; in the one part of their course, being the har- 
bingers of the morning ; in the other, brightening the 
veil of evening with their setting splendor. Often seen 
in conjunction with the Sun, but never in opposition, 
they form a demonstration of the truth of the Copemican 
system. 

The inferior conjunction of Mercury or Venus is, 
when the planet comes between the Eardi and the Sun, 
or so near the connecting line between them as the 
obliquity of its orbit will admit. It is, when referred to 
the ecliptic, in the same longitude with the Sun, though it 
may be farther north or south. The superior conjunc- 
tion of either of these planets is, when the planet, in that 
part of its orbit most distant from the Earth, comes into 
the same longitude with the Sun. It is then either hid- 
den behind the great luminary, or passes by it on the 
north or south. 

Mercury and Venus are called inferior* planets, be- 
cause their orbits are nearer the Sun than the orbit of 
the Earth. 

When an inferior planet is at its greatest elongation, a 
line passing from the Earth through tlie planet is a tan- 
gent to the planet's orbit. The greatest elongation of 
Mercury is 2S^ 2(K ; of Venus, 47^ 48'. The orbit of 
these planets being elliptical, the greatest elongation on 

* Objection has been raised against the tennf iirferwr and supe* 
rioTf as applied to the planets ; but the terms, not improper in them* 
seWes, are sanctioned by time aii^ !he usage of the mi Europeat 
astronoroen. 
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one side of the Sun may not be equal to that on the 
other side. For the position of the planets at the great- 
est elon^aUon, see Plate v. Fig. 1, at that part of their 
orbits where they appear stationary. . 

Mercury, like Venus, is alternately morning and even- 
ing star, though not generally thus known. Like Venus, 
bemg west of the Sun from the inferior to the superior 
conjunctiop, it rises before him in the morning ; from the 
superior to the inferior, east of the Sun, it sets after him 
in the evening. 

Tlie apparent motion of the inferior planets is greatest 
at the conjunctions. From the greatest elongation on 
one side to the greatest elongation on the other, through 
the superior conjunction, their geocentric motion is direct ; 
through the inferior conjunction, this motion is retrograde. 
At their greatest elongation, they appear stationary in re- 
spect to the Sun. A small part of the orbit nearly com- 
ciding with the tangent line, and the eye of the observer 
being in that line, the motion of the planet must be eitlier 
towards such observer or from him, and, of course, must 
be imperceptible. 

Let S be the Sun, (Plate v. Fig 1,) E the Earth, M 
Mercury, and V Venus. When the Earth is at i, Mer- 
cury in his orbit at b appears stationary at c. While 
Mercury is moving from o through his superior conjunc- 
tion at c to d^ his motion appears direct among the fixed 
stars from etof. At d his motion is imperceptible for a 
short time, when he appears stationary at/. As he passes 
from d through his inferior conjunction to 6, his motion 
appears to be retrograde. At 6 he again appears sta- 
tionary. The Earth moves round the same focal point 
with Mercury, and in the same direction from west to 
east. But Mercury, being much more swift in its mo- 
tion than the Earth, has a relative velocity. This rela- 
tive velocity only gives it the appearance of a retrograde 
motion. 

The retrograde motion of Mercury, in regard to the 
fixed stars, does not commence when the planet is at the 
greatest elongation east, nor does it continue till the 
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planet is at the greatest elongation west of the Sun. For 
at these greatest elongations, the planet wiU appear to 
move forward with the same velocity as the Sun appears 
to advance by the motion of the Earth in its erbit The 
^stationary appearance, in relation to a fixed star, must be, 
when the geocentric' westerly motion of the planet coun- 
terbalances the Sun's apparent easterly motion. 

Venus, like Mercury, has her stationary appearance, 
her direct and retrograde motion. This will appear by 
a slight inspection of the figure. 

The retrograde appearance between the Earth and 
Mercury is reciprocal When, at the Earth, Mercury 
appears to move from d to b, the Esu^h must seem to 
an inhabitant at Mercury to retrc^rade from h to g. 
Hence the superior planets, when in opposition to the 
Sun, have the appearance of retrograde motion, as seen 
fix>m the Earth. 

The motion of all the planets, as seen firom the Sun, 
is direct. The situation and motion of the Earth causes 
their stationary or retrc^ade appearance, when viewed 
by us. 

Mercury and Venus, in their revolutions round the 
Sun, assume all the phases of the Moon. (Plate iii. Fig. ^ 
1, 2, and 3.) 

We are told by Ryan, in his Grammar of Astronomy, 
that " the difierent phases or appearances of Venus were 
first discovered by Galileo, in 1611, which fulfilled the 
prediction of Copernicus, who foretold, before the dis- 
covery of the telescope, that the phases of the inferior 
planets would be one day discovered to be similar to 
those of the Moon. The accomplishment of this pre- 
dicticRi affords some of the strongest and most convinc- 
ing proofs of the truth of the Copernican system of the 
world that can be obtained." 

One half of each of the planets is illuminated by the 
Sun. Thus it has been uniformly said by authors. On 
strict examination, however, it will be seen, that a fi:ac- 
tion more than a hemisphere is illumined, the Sun being 
a much larger body than any of the planets. The en- 



34 THE EABTH. 

lightened side of Mercury and Venus ^Plate v. Fig. 1,) 
are turned from the Earth at their infenor conjunctions. 
In these conjunctions, when at or very near their nodes, 
they appear as dark spots passing over the Sun's disk. 
At other times, invisible to us, they pass the Sun unob- 
served. They appear nearly full at their superior con- 
junctions ; but never completely so, as their enlightened 
side is never turned directly towards us, except at the 
nodes, when they are hidden behind the body of the Sun. 

In what respect are Mercury and Venus similar ? When is the 
superior conjunction of these planets ? When the inferior conjunc- 
tion ? When does the motion of these planets appear direct P And 
when retrograde ? When do they appear stationary ? How is the 
motion of ul the planets as seen from the Sun ? Who foretold that 
Mercury and Venus would assume the phases of the Moon ? Who 
first discovered the different phases of Mercury and Venus ? What 
part of each planet is illuminated by> the Sun ? 



Section VII. Cf the Earth. 

Next to Venus, in the solar system, is the Earth. 
This is the planet by for the most worthy of our attenr 
tion ; though astronomy forbids us fully to adopt the lan- 
guage of the poet : 

" Through worlds unnumbered though the God be known, 
'Tis ours to trace him only in our own." 

The Earth affords sustenance to innumerable animated 
beings, which people its surface. It is our habitation in 
life, and kindly covers our remains when the parting 
spirit has taken its flight. In its peaceful bosom our 
dust must slumber, till called forth by " the voice of the 
archangel and the trump of God.^' 

The Earth is spherical in its form. It is not, howev- 
er, a complete globe. Elevated at the equator, and 
flattened at the poles, its form is an oblate spheroid ; re- 
sembling, in some degree, the well-known English turnip. 

Of the rotundity of the Earth any person may satisfy 
himself. The clouds at a distance appear to rise from 
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the horizon, or to sink below that circle, which they 
could not do were the Elarth an extended plain. If, in 
a level country, a person travel north for many miles, he 
will find, by accurate observation, the north star rising, 
and discover other stars unseen at his f(»rmer stadcHi. if 
he go south, these stars will be depressed, and southern 
stars will rise to his view. 

The masts and sails of a ship at sea are seen by a 
spectator on land, when the hull is hidden behind the 
convex surface of the water. Were the surface level, 
the hull, being largest, would first appear. 

The outline of the Earth's shadow, seen in partial 
eclipses of the Moon, is circular. This it could not be, 
were not the Earth of a spherical form. For, as it pre* 
sents different sides to the Sun in di^rent eclipses, and 
even in the same eclipse, the outline of the shadow 
would be different, in conformity to the original. 

The spherical figure of the Earth k placed beyond 
all doubt by its having been many times circumnav- 
igated.* 

The true form of the Earth, its spheroidical figure, 
was first discovered by the pendulum, a longer line being 
required to vibrate seconds towards the poles than at the 
equator. Some diversity in the proportion of the diam- 
eters is found in different authors. This is not wonder- 
ful in a case requiring so much nicety of observation. 
The excess of the equatorial diameter over the polar 
has been stated at 24, 34, and 37 miles. In Rees's Cy- 

* The first who sailed round the globe was the crew of Ferdi- 
nand Ms^Uan, a Portuguese in the service of Charles V. of Spain. 
He left Seville, Auff. 10, 1519, discovered and passed the straits 
having his name. After crossing the Pacific ocean, he was slain 
in a rash encounter with the natives at Matan, one of the Philip- 
pine islands. His ship returned by the Cape of Grood Hope, Sept. 

&, l0<6^. 

Sir Francis Drake sailed firom Plymouth, Eng. Dec. 13, 1577, 
passed roimd the ^lobe westward, and returned Nov. 3, 1580. 

The circumnavigation was next performed by Sir Thomas Caven- 
dish. Afler him North, or Noort, Anson, Cook, and many others, 
circumnavigated the globe. A voyage rou-nd the toorld is now be- 
come so common as scarcely to attract notice. 
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clopedia, the equatorial diameter is reckoned at 7977^ 
the polar at 7940, considered by the author but ^^ an ap- 

Sroximation to a true estimation." In the Practical 
[avigator of Dr. Bowditch, the diameter is considered 
7964. Thus the mean diameter will be considered in 
this compend. ' 

The erroi-s of antiquity, of childhood, and ignorance, 
in considering the Earth an extended plain, or un- 
bounded in its dimensions, are corrected by philosophy. 
Its true form is now well known to the scientific world. 
But the astronomical student is in danger of verging to 
the opposite extreme. When he considers the Earth as 
a planet, greatly inferior in magnitude to several wander- 
ing orbs of his own solar system ; immensely less than 
the Sun ; and the Sun but a speck in the Creator's 
works, — ^lie seems to contract its true dimensions, and to 
be insensible, that still, to its inhabitants, it is a globe of 
vast magnitude ; of which and its kindred orbs it may be 
truly said, " these little things are great to little man." 
Considering the diameter of the Earth 7904 miles, tlie 
circumference is about 25,020 miles, and the superficial 
contents, or surface, 199,259,280 square miles. 

If a person were so elevated that he could see twenty 
miles in every direction, his prospect would include a re- 
gion of more than 1256 square miles. Should he survey 
a new region of this extent every day, he would not pass 
over the whole of the Earth's surface under 434 years. 
Thus the life of an antediluvian would be necessary for 
such a survey. 

Were a being of sufficient longevity and suitably con- 
stituted to undertake an examination of the Earth's sur- 
face by traversing every square mile, and were he to 
proceed with such rapidity as to inspect a mile an hour, 
or twelve miles in the light of every day, he would find 
himself far short of his purpose at t^he end of 45,000 
years. 

Six great circles are conceived drawn round the 
Earth ; the equator^ ecliptic^ meridian, horizon, and two 
colures. 
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The tquator is an imaginary circle encompassing the 
Earth from east to west ; the plane of the circle dividing 
it into northern and southern hemispheres. 

The efJiptic is a great circle, in which the Earth per- 
forms its annual rev^ution ; or in which the Sun appears 
to perform an annual revolution round the Earth. It is 
divided into twelve equal parts, denominated the twelve 
signs of the ecliptic, each containing 30^ ; Aries, Taurus, 
Gemini, Caucec, Leo, Virgo, Libra, Scorpio, Sa^ttarius, 
Capricomus, Aquarius, Pisces. 

The plane of the equator is inclined to the ecliptic in 
an angle of about 23^ 28'. (See Obliquity,) 

The meridian is a great circle encompassing the Earth 
from north to south, passing through the poles, and 
crossing the equatcM* at right angles. It is represented 
on an artificial globe by a graduated circle of brass. It 
is called meridiany fix)m the Latin word meridies, mid- 
day, because, when it arrives at the Sun, the time is 
noon, or the middle of the day.* As many meridians 
may be conceived as there are places east or west of 
each other; but all places direcdy north or south of 
each other have the same meridian. 

The horizon is a great circle surrounding the Earth, 
ninety degrees distant from the zenith and nadir of any 
place. The plane of this circle, passing through the cen- 
tre of the Earth, divides it into upper and lower hemi- 
spheres. This is called the real or rational horizon. 
The sensible horizon is the circle which limits our view, 
dividing the visible part of the heavens from the invisi- 
ble. The horizon is represented on an artificial globe by 
a circle of wood having several other circles drawn up- 
on its surface. 

The colures are meridians ; but meridians particularly 
distinguished. The equinoctial colure is a line drawn 
round the Earth from north to south through the equi- 
noctial points Aries and Libra. The solstitial co- 
lure is a line drawn round the Eart]^ in the same di- 

* Half of this circle is usaaUy called a meridian. 
4 
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rection ; but through the solstitial points Cancer and 
Capricorn. 

There are four less circles represented on an artificial 
globe, and considered circles of the Earth ; two tropics 
and two polar circles. They are drawn parallel to the 
equator. The northern tropic, called the tropic of Can- 
cer, encompasses the Earth at about 23^ 28^ north of 
the equator ; the southern, called the tropic of Capri- 
corn, at the same distance south of the equator. 

The polar circles are drawn round the Earth at about 
23^ 28^ from the pole^. The northern is called the 
Arctic, the southern the Antarctic circle. 

Latitude is the distance from the equator north or 
south. It is reckoned in degrees,* minutes, and seconds. 
Lines of latitude are drawn on a terrestrial globe, on 
each side of the equator, and parallel to that circle. 
They are csWed paraUeb of latitude. These are con- 
sidered circles of the Earth, and are at stated distances 
from the equator to the poles. They may, how- 
ever, be conceived to be drawn 'at any distance from 
each other, or from the equinoctial, every place, north 
or south, having its own parallel. 

Longitude is the distance east or west from some fixed 
meridian. This also is reckoned in degrees and sexa- 
gesimal parts of a degree. It increases each way from 
the meridian ; 180°, or half way round the globe, being 
the highest longitude. (See article Longitude,) 

The Earth is embraced by five zones ; the torrid^ 
two temperate y and two frigid. The torrid zone (Plate 
V. Fig. 6,) extends from the equator each way to the 
titopics ; the temperate zones include the whole space 
from the tropics to the polar circles ; and the frigid 
zones the remaining space from the polar circles to the 
poles. 

The division of the Earth's surface into zones is not 

* Every circle, large or small, is divided into 360^. A degree on 
the snrfpce of the £a^ is the 360th part of its circumference. The 
centre of this circle must be at the centre of the Earth. See a 
terrestrial art^dal gUhe, 



THE EARTH. 39 

imagiiiary, but has a foundation in nature. The iorrid 
zone comprehends all that region where the Sun is ver- 
tical at any season of the year. The temperate zimes 
spread over the whole of the Earth's surface from the 
tropics to the extreme limit of continual and successive 
day and night, the Arctic and the Antarctic circles being 
drawn at the bound, where the longest day is 24 hoius. 
At that bound the Sun does not appear to set at the 
summer solstice, nor to rise at the winter solstice. 

The frigid zones are enveloped in light and darkness 
in alternate succession. The Sun, at its greatest decli- 
nation north, shines over the north pole to the Arctic cir- 
cle. The whole northern frigid zone is then illuminated, 
and, by the diurnal motion of the Earth, revolves wholly 
in the light. The southern frigid zone, precluded from 
the Sun,'s rays, is then involved in entire darkness. 
When the Sun is in his greatest declination south, shin- 
ing over the south pole to the Antarctic circle, the south- 
em frigid zone is enlightened ; the northern, abandoned 
by the Sun, is shrouded in darimess. The continuance 
of light or darkness in the Arctic and Anta^tic regions is 
longer, the nearer any place is to either pole, where the 
day and the night continue alternately for six months ; 
except the greater prevalence of light from refraction and 
other causes. 

The Earth has three motions ; its diurnal rotation on 
its axis ; its annual motion in its orbit round the Sun ; 
and the revolution of its axis round the poles of the 
ecliptic. 

The rotation of the Earth on its axis is performed in 
23 h. 56 m. 4 s. or one sidereal day. This is a most 
uniform motion. By bringing the difierent parts of the 
Earth to the Sun in succession, it produces day and 
night. Given to this Earth, at its creation, by an all-be- 
nevolent Creator, it continues a constant return of bless- 
ings to his dependent creatures. This motion is fit)m 
west to east. It causes the apparent revolution of the 
heavenly bodies in a contrary direction, from east to 
west. 
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DiSktexA parts of the Earth, m this rotation, move with 
unequal velocity. Greatest at the equator, it decreases 
towards the poles, as the cosines of the latitude decrease. 
A place in Borneo or the Cdombian republic, at the 
equator, moves about 1042 miles an hour ; Washington 
city, 81 1 miles ; Boston, 770 miles ; Londcm, 649 mOes ; 
St. Petersburg, 522 mites ; an inhabitant of Greenland, 
in latitude 80^, only 181 miles. When this motion is 
on the side of the Earth opposite the Sun, it nearly co- 
incides with the immense velocity of the Earth in its or- 
iHt. By this motion the centrifugal force of an object 
near the equator i» greater than at any parallel of lati- 
tude. This, as well as its distance from the centre of 
gravity, causes objects to be tighter at the equator than 
near the poles. The farmer and meehanic know^ that 
the water on a grindstone, turned swiftlv round, rises to- 
wards the highest part, and flies off by moreased veloci- 
ty. A sfamhr efiect would be produced on the Earth, 
were the modon sufficiently increased. ^'If," says Dr. 
!&ifiekl, <* the diurnal motion of the Earth sound its axis 
was about 17 times faster than it is, the centrifugal force 
would, at the equator, be eaual to the power of gravity, 
and all bodies there woula entirely lose their wdsht. 
But if the Earth revolved still quickec than this, mey 
would all fly c^.'* 

The circhss^ i^hich the heavenly bo£es appear to de- 
scribe by this motion of the Earth on its axis, assume a 
difierent posi^n as seen from different parts of the 
Earth's surface ; the great concave of the heavens, or 
eelestial sfhere^ changing its appearance, as differently 
viewed by the spectator. 

At the equator, the mhabitants have a right spherty all 
the heavenly bodies appearing to rise and set at right 
angles to the horizon. The celestial equator passes 
through the zenith and nadir. The poles are in the ho- 
rizon. 

From the equator to the poles, the inhabitants have an 
oblique sphere. The apparent circles, or circles formed 
by the apparent motion of the heavenly bodies^ are 
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oblique to the horizon ; but forming angles with it less 
as they are farther from "the equator ; till, at the poles, 
they become parallel to the horizon, or coincide with 
that circle. To a person passing from the equator to- 
wards either pole, the pole-star of his hemisphere ap- 
pears to rise, and, at a distance from the equator, the 
stars, the same distance from his elevated celestial pole, 
do not set ; but appear to revolve in circles greater as 
they are farther distant from the pole. 

At either pole, a person would be presented with a 
parallel sphere; all the visible stars, the pole-star ex- 
cepted,* would appear to revolve in circles parallel to 
the horizon. The Sun, also the Moon, and other 
planets, would seem to revolve in circles very nearly par- 
allel to the horizon. When first appearing in view, they 
would seem to skim the horizon round. Ascending grad- 
ually by spiral circles and by scarcely perceptible ad- 
vances, they V would move to their extreme altitude. 
The greatest elevation of the Sun at this time, 1831, 
would be 230 2T 38^^ ; of the Moon at times, 28^ 36' 
4V^. Mercury and some of the asteroids would rise 
still higher. They would descend by the same gradual 
spiral movement, till they again sink below the horizon. 

The orbit of the Earth is formed by its annual motion 
round the Sun. It is an ellipse, with the Sun in one of 
the foci. The Sun and Earth always appear in oppo- 
site signs, the apparent motion of the Sun in the ecliptiq 
being caused by the revolution of the Earth in its orbit. 

The irregularity of the Earth's motion in its orbit was 
unknown to the ancients till the time of Hipparchus. 
About one hundred forty years before the, Christian era, 
he first discovered that this motion was not unifonn. 
Succeedii^ astronomers, long perplexed, invented manjr 
cycles and epicycles to explain the observed irregulari- 
ty. It remained, however, a mystery till the true cause 
was discovered by Kepler. He assigned to the orbit its 

* The northern pole-star, not being exactly at the pole, would ap- 
pear to make a very small circuit. {S^e tattele Longitude.) 

4* 



42 ' THE EAKTH. 

true elliptical figure, and ascertained that the annual mo- 
tion of the Earth was subject to the curious law, before 
named, as subsisting between the planets and their prin- 
cipal ; that if a line foe drawn from the Earth to the Sun, 
(Plate vi. Fig. 1,) such a line would pass over equal areas 
in equal times ; so that the nearer the Earth is to the 
Sun, the swifter is its motion ; and the farther it is distant, 
the slower is its motion. 

The Earth's axis, in different parts of its orbit, has 
nearly a similar position ; for, if straight lines be drawn, 
representing this position in different points, such lines 
would be parallel to each other, except the very small 
variation arising from the precession of the equinoxes. 
The axis is not perpendicular to the plane of the Earth's 
orbit, but is inchned to a perpendicular line, in an angle 
of about 23*^ 28' ; or it is inclined to the plane of the or- 
bit in an angle of about 66^ 32'. From the parallel po- 
sition of the axis and its inclination, important effects are 
produced upon the Earth's surface. For to this parallel 
position and inclination we are indebted for the inequali- 
ty of day and night, and the variety of seasons. A fit 
representation may be made of these by a common ter- 
restrial globe. Let a candle be suspended in the middle of 
a large room or hall, a few feet fix>m the floor ; let the globe, 
taken from the frame, be holden east of the candle on a 
level with it, the north pde so elevated that the axis 
may form an angle with the floor of about 23P 28' ; but 
perpendicular to a line drawn from the candle, or the 
poles equally distant from the candle. In this position 
very nearly one half of the globe will be illuminated. 
Thus situated, let the globe be turned gently round from 
west to east. Every part of the surface will pass through 
light and darkness in nearly equal proportions. (Plate 
VI. Fig. 2, Spring.) This will represent the situation of 
the Earth at the time of the vernal equinox, when the 
regions near the poles, like those at the equator, have 
their days and nights very nearly equal. With the axis 
parallel to its former position, let the globe be held under 
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the candle, and turned round as before. This will rep- 
resent the Earth at the time of the summer solstice. 
(Plate Vt. Fig. 2, Summer.) The Arctic regions, or the 
whole nCMthem frigid zone, will be in the light ; the Ant- 
arctic regions, or the southern frigid zcme, in darkness. 
From the Arctic circle to the equator, every part will 
have more light than darkness, and proportionally more 
as nearer to the circle, or farther distant from the equa- 
tor. Every part south of the equator to the polar circle 
will have more darkness than light, and proportionally 
more as farther distant from the equator, or nearer to the 
Antarctic circle. The whole region from this circle ta 
the south pole will be in entire darkness. A western 
position, or the globe placed west of the candle, will rep- 
resent the situation of the Earth at the time of the au- 
tumnal equinox, the days and nights again equal over 
the whole Earth. (Plate vi. Fig. 2, Autumn.) Placed 
directly over the candle, the globe will exemplify the 
winter solstice, with the short days and long nights of 
the northern hemisphere, and the long days and short 
nights of the southern hemisphere. (Plate vi. Fig. 2, 
Winter.) It will be perceived that the candle, being less 
than the globe, shines over a fraction less than one half 
of it ; while the Sun, being much larger than the Earth, 
must illumine a fraction more tlian one half of its surface. 
These differences are too small to affect the representa- 
tion. It has been usual, in representing the seasons by a 
diagram, to draw an ellipse for the Earth's orbit, and to 
place the figure of the Earth in different positions. In 
most of these, no consistent view is riven of spring and 
autumn. In all, so great stretch oi imagination is re- 
quired, that it was thought advisable to omit the ellipse 
in this Compendium, and give a simple view of the Earth 
as illuminated by the Sun at the different seasons. Let the 
student extend his views from the globe and the candle 
to the Earth and the Sun, and he may have some ade- 
quate conception of the cause of inequality in the length 
of days and nights, and the variety^of seasons. To form 
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extended views of the great objects of the heavens j dia- 
grams, and globes, and orreries, may be of great use ; 
but care must be taken, that the mind be not confined 
to these auxiliaries ; otherwise, instead of being helps, 
they may lead to embarrassment. 

The Earth makes a complete revolution round the 
Sun, or from a star to the same star again, in 365 days 
6 h. 9 m. 12 s. This is called the sideralyear. From 
an equinox or a solstice to the same again, it revolves in 
365 d. 5 h. 48 m. 51 s. 36 ds. This is usually called 
the tropical year ; but sometimes the equinoctial or sol- 
stitial year. It is usually reckoned from the first degree 
of Aries, but may be computed from any other point 
of the ecliptic. The Earth performs a revolution, from 
the- aphelion of its orbit to the same again, in 365 d. 6 b. 
14 m. 2 s. This is denominated the anomalistic year. 

On account of the elliptical form of the Earth's orbit, 
tlie Sun being in one of the foci ; and on account of 
the present place of the aphelion, the Earth is between 
seven and eight days longer in passing the six northern 
signs than the six southern. Compaiing the time from 
the vernal equinox to the autumnal with that from the 
autumnal to the vernal, will make this apparent. The 
inhabitants of the northern hemisphere, by this inequali- 
ty, enjoy a greater share of the Sun's influence than the 
southern; or the northern enjoy this influence for a 
longer time. It would seem, however, that the south- 
ern inhabitants must have the most intense tropical Sun, 
as their summer is at the time when the Sun is nearest 
the Earth. 

The aphelion of the Earth's orbit moVes forward 1' 
2^Mn longitude, 11^^882 in absolute space, in a year. 
Hence it passes fi-om a point in the ecliptic to the same 
again in 20,903 years. But a complete revolution from 
a star to the same star again requires about 110,000 
years. Considering the time of the creation, according 
to the received opinion from the Mosaic, account, 4004 
y^ars before the Christian era, it must have been about 
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the time when the northern and southern hemi^heres 
enjoyed summers and winters of equal length, the earth 
being in the aphelion of its orbit about the time of the 
vernal equinox. Probably the equality was at the very 
time of the creation ; and the slight variaticHi, which now 
appears, arises from a want, of complete accuracy in the 
ancient computation of time ; or from the great difficul- 
ty of ascertaining the exact motion of the aphelion, in 
which authors are not perfecdy agreed.*^ 

The aphelion moving forward increased the length of 
northern summer. The asc^idency thus gamed m the 
northern hemisphere continued to increase till about the 
year J.255. From that time to the present, the length of 
northern summers has > decreased, and wiU continue to 
decrease till about the year 6481, when the summers in 
the different hemispheres will again become equal. After 
that, the southern will have the superiority^ or the long- 
est ccmUnuance of the Sun's influence, 6x more than 
10,000 years. 

The Earth, in the apheHoa of its orbit, is more than 
3,000,000 miles farther from the Sun than it is in the 

Serihelion. It is in the aphelion on the second day of 
Illy the present year, 1831 ; though, on account of bis- 
sextile, it will be in that point on the first of July in the 
next year, 1832. It has generally been in the aphelion 
on the first day of July, and in the perihelion on the last 
day of December, since the commencement of the pres- 
ent century. In the latter part of the century, it will be 
in the aphelion on the second day of July ; in the peri- 
helion on the last day of I)ecember in some years, on the 
first day of January in other years, varying on account 
of bissextile. No doubt the whole earth is warmer at 
the time of winter than at the time of summer, in the 

* Though the sacred writiiifis stand in no need of anziliarieB ; and 
though perfect reliance shoaTd not be placed on astronomical cal- 
culationsy as proof of Scriptore chronology ; yet the circumstance 
of equality or seasons, at the time the Earth commenced its being 
and jfevolutions, must be considered a forcible corroboration of the 
Mosaic account. 
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northern hemisphere. But at tihe time of our winter, the 
rays of the Sun fall obliquely ; in high latitudes, very 
obliquely in winter. Of course a much less nuniber 
light upon any given space^ as a square mile, or any 
number of square miles, than when they fall directly up- 
on such space. (Plate v. Fig. 6.) The short continu- 
ance of the Sun above the horizon in the contracted days 
of winter, does not give time for the heat to accumulate, 
while the long days of summer give opportunity for re- 
doubled force. It may be added, that 3,000,000 miles, 
though a vast distance, are very small in proportion to 
the immense distance of the Sun. 

Spring and summer to us are coincident with autumn 
and winter to the inhabitants of the southern hemisphere ; 
autumn and winter to us, with spring and summer to such 
inhabitants. 

The mean distance of the Earth from the Sun has 
been found to be about 95,000,000 miles.*' Thb was 
ascertained by observations made on the transit of Venus^ 
in the year 1761. Prior to these observations, the dis- 
tance was considered mi)ch le$s. But their accuracy, 
confirmed by those on the transit of 1769, seems now to 
command the full assent of the philosophic world. Tak- 
ing the distance as now reckoned, it makes the diameter 
of the Earth's orbit 190,000,000 miles, and the circum- 
ference 569,902,100 miles, about equal to the elliptical 
orbit. The Earth, moving this immense distance in a 
year, must travel more than 68,000 miles every hour. 
All the inhabitants of the Earth are carried at this incon- 
ceivable velocity, 140 times greater than that of a cannon 
ball, in their perpetual movement round the Sun. Even 
this velocity is increased, on a part of each day, by the 

* We can form but very inadequate ideas of the immense dis- 
tance of the planets from the Sun. Could a celestial courier travel 
the expanse of heaven at the rate of 40 miles in a day, he would not 
be able to pass from the Earth to the Sun in 6,600 years. Had he 
commenced such a journey at the creation, he would yet be far 
short of its completion, and must spend hundreds of years more be- 
fore his arrival at that luminary. 



THE EARTH. 47 

motion of the Earth on its axis. It may shock the cre- 
dulity of those who are unaccustomed to philosophical 
observation, that a motion of such velocity should be 
imperceptible. But we must take notice, that terres- 
trial objects around the observer, even the atmosphere, 
move with him in the same direction ; so that with the 
heavenly bodies only can he compare his motion. By 
observation on those bodies, the motion of the Earth is 
ascertained beyond the slightest doubt of the astronomi- 
cal student. But this motion, if wonderful, is not alto- 
gether singular. The passing of a vessel on still water 
is imperceptible, except from meeting the air, and the 
apparent motion backward of surrounding objects, till it 
strikes the shore or other obstruction. No motion on 
the stillest water is so uniform and even a3 that of tlie 
Earth in its orbit. 

The retrograde motion of the axis of the Earth round 
the poles of the ecliptic causes the difference between the 
tropical and sidereal years. The equinoxes are annual- 
ly carried backward, from east to west, 50'M18 in a 
year. Thus, in every year, they meet the Sun 20 min- 
utes 24.4 seconds before the Earth arrives at the point 
in the heavens whence it started at the commencement 
of the year. This retrograde motion is called ihe preces- 
sion of the equinoxes. With the equinoctial points move 
all the signs of the ecliptic. " It follows, that those stai-s 
which, in the infancy of astronomy, were in Aries, are 
now in Taurus ; those of Taurus in Gemini. Hence, 
likewise, it is, that the stars, which rose or set, at any 
particular season of the year, in the times of Hesiod, 
Eudoxus, Virgil, or Pliny, by no means answer at this 
time, to their descriptions." An example of the change 
may be seen on our celestial globes. The constellatioiis 
are placed 30^ from the signs to which they originally 
belonged. This change of place shows the motion of 
the equinoxes for 2,154 years. A complete revolution 
of the signs requires a period of 25,858 years. Hence 
the pole star, or the north pole, as it is called, will not 
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always be the point to which the pole of the Earth will 
be directed ; but in something more than 12,000 years^ 
will be about 47^ from the pole of the Earth, and, when 
on the meridian, will.be in the zenith of some parts of 
New England. 

How should the contemplation of these celestial motions 
and long periods constrain us to improve the short, fleet- 
ing moments of time assigned to us ; and lead us to ad- 
mire and adore the wisdom and power of Him who 
formed and still governs the universe with infinite ease ; 
to whom ' a thousand years are as one day V 

Why is the Earth more worthy of our attention than the other 
planets P What is the form of the Earth ? How may any person 
satisfy himself of the Earth's rotundity ? Who first circumnavigated 
the Earth ? Who Qext ? How was the true form of the Earth dis- 
covered ? What is the mean diameter of the Earth ? What is the 
difference between the equatorial and polar diameters of the Earth ? 
What is the Earth's circumference ? What its super^ial contents ? 
How many great circles are considered encompassing the Earth ? 
What are tney? How do you describe each? What are the 
smaller circles? What is latitude? What is longitude? Into 
how many zones is the surface of the Earth divided ? How many 
motions has the Earth ? In what time does the Earth turn on its 
axis ? In the rotation of the Earth on its axis do different parts of 
its surfacfe move with equal velocity ? Where are objects lightest, 
at the equator or at the poles ? How do the heavenly bod ies^ppear 
to rise and set in a direct sphere i How in an oblique sphere ? 
How in a parallel sphere ? How high can the Sun appear at the poles ? 
How high the Moon ? How is the Earth^s orbit formed ? What is 
it ? Were the aneients acquainted with the true form of the Earth's 
orbit ? Who. first assigned to the orbit its true elliptical figure ? 
What is the inclination of the Earth's axis to the plane of its orbit ? 
To what are we indebted for the inequality of the days and nights, 
and the variety of the seasons ? How may a fit representation of 
these be made ? In what do a candle and a globe fail in giving an 
exact representation of the Sun and Earth ? How long is a sidereal 
year ? How long is a tropical ? How long is an anomalistic year ? 
Why is the Earth longer in passing the six northern signs than the 
six southern ? How much longer is it ? How far forward does the 
aphelion of the Earth move in a year ? In what time does it com- 
plete a revolution ? When did the northern and southern hemi- 
spheres enjoy equal lengths of summers and winters ? What may 
corroborate \he Mosaic account of the creation ? When will the 
seasons in different hemispheres a^n become equal ? How much 
ikrther from the Sun is the Earth in the aphelion than in the peri- 
helion of its orbit ? At what time of the year is the Earth in the 
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^belkm^ and at what ttaM m tl» peiihelion of its «rbit? Why 
luiTe we not warmer weather in winter than in ■ammer ? In apring 
and aammer to ua^ what aeaaona have the inhabitanta of the lottth- 
em hemtapheie .' How far ia the Son diatant from the Earth ? At 
the rate of 40 nilea a dav, how long woold a oeleatial eonrier be ia 
traTelling from the Earth to the Sun ? What ia the diameter and 
what the circumierenoe of the Earth 'f orbit ? How far muit the 
Earth move in an hour ?^ ^h^ ^ * motion dTauch veloeity imper- 
ceptible ? What cauaea the dirorenoe between the tropieal and aide* 
real year ? At what rate are the equiuozea cairied backward ? What 
ii meant bj the preceinon of the equinoxei ? Whj are the stan on 
a celeatial fflobe placed diiferently from their ancient mination ? In 
what time do the signa of the ecuptio perform a complete revolu- 
tion ? Where will the north pole atar appear 13,000 jeara hence ? 



Section VIII. T%e Mixm. 

The Earth has one satellite, the Moon. This cod- 
stant attendant is distant from the Earth^240,000>nile8.* 
The Moon, though inferior to roost of the heavenly- 
bodies, next to the Sun, b to us by far the most interest- 
ing. (By dispelling the gloom of night, she b the solace 
of the weary traveller j and by constantly changing her 
countenance, she gives variety and beauty to the mghtly 
canopy. 

The Moon performs a revolution round the Earth, 
from a point m the ecliptic to the same again, ia(^27 d. 7 
h. 43 m. 5 s A from a star to the same aoiin, ic^S? 
d. 7 h. 43 m. f2 S^ It revolves from the Sun to the 
Siin i^n in 29 d. 12 h. 44 m. 3 s. This is called a 
mean Hunation^ and is a synodical revolution. The Moon 
always presents the same face to the Earth. Hence in 
the same time that it performs a revolution, it must re- 
volve on its axis ; unless the difierent sides of the Moon 
present the same prospect. That there should be a uni- 
formity of appearance in the diflferent sides of the Moon 
seems verv improbable. Astronomers seem agreed in 
the coincidence of its revolutions ; or that it revolves on 
itd axis in the same time that it performs a revoiutbn 

* Tliia ia ita mean 
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•round the Earth. If this opinion be correct, it must be 
considered, that the side of the Moon next to the Earth 
is composed of matter more dense than that of the op- 

E)site side ; and that the powerful attraction of the- 
arth causes it to revolve on its axis. 

Several authors have asserted, that the Moon performs 
a revolution in ^9 J days); and, in immediate connection, 
that^it turns on its axis m the same time that it performs 
a revolution. The latter assertion is true ; but it is in 
the time of the sidereal revolution, 27 d. 7 h. 43 m.*12 
s. and not in the synodical, or a lunation, about 29J 
days, as will appear by an inspection of Plate v. .Fig. 2. 
Let E be the Earth ; A B C D the Moon's orbit ; a a 
mountain on the side of the Moon next to the Earth. 
Asthe Moon passes in her orbit from A to B, 90°, it is 
evident she must turn on her axis 90°, in order that the 
same side may be towards the Earth : the mountain will 
then be at 6. When the Moon is at C, having passed 
180°, half her revolution, the mountain must be at c. 
The Moon at D presents the mountain at d. When the 
Moon returns to A, the mountain must come round to a 
again. Thus, in a sidereal revolution, 27 d. 7 h. 43 m. 
12 s. the Moon must have revolved once on its axis, or 
the same side cannot be presented to the Earth. Dr. 
Brewster must have been strangely inattentive, when he 
went into the common error respecting the time of the 
Moon's revolution on its axis. 

The diameter of the Moon is^2,180 miles^ But it 
can be but 2,173 miles, if its apparent diameter be 31' 
W, as stated by De la Lande. 

(The Earth must appear like a moon to the lunarians *} 
but thirteen times as large as the Moon does to us. It 
must exhibit all the phases of the Moon, but at oppo- 
site times. When the Moon appears new to us, the 
Earth must be full to them ; and when the Moon is full 
to us, the Earth must be new to them. 

It is remarkable, that one hemisphere of the Moon 
enjoys continued light^ the Earth, in the absence of the 
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Sun, being a bright moon to its inhabitants. The other 
hemisphere has alternate light and darkness in succes- 
sion, each continuing about I4f days. 

The Moon, like the other planets, is opaque, shining 
onlj^by the reflected light of the SudJ The side of the 
Moon which is next to the Sun is enlightened, the other 
half dark and invisible. Hence, when she comes be- 
tween us and the Sua, she is not seen, her dark side be- 
ing then towards us. 

When she is advanced a little way in her orbit, a 
small part of her illumined' side becomes visible in the 
form of a beautiful luminous crescent. This is called 
the new Moon, When she has performed one fourth of 
a lunationr, her illuminated side becomes dichotomized, 
or one half of the bright side becomes visible. She is 
then said to be in her Jirst quarter. From this time to 
her opposition, she is said to be gibbous, presenting still 
mote of her illuminated side, as she moves forward, or 
becoming more protuberant. When she becomes oppo- 
site to the Sun, nearly the whole of her enlightened 
hemisphere is presented to the Earth. She is then said 
to be full ; and is called the full Moon, It must be re- 
membered, however, that the bright side of the Moon is 
never exactly towards us, as she is never directly oppo-- 
site to the Sun ; except in her nodes, whea she falls m- 
to tlie Eaith's shadow, and is eclipsed. From the full 
to the change, the Moon passes in a retrograde order 
through the same phases ; first gibbous, then dichoto- 
mized in her last quarter , then homed, till, coming be- 
tween the Earth and the Sun, she again becomes in- 
visible. 

Let S be the Sun, (Plate v. Fig. 3) E the Earth ; 
ABCDEFGHthe Moon's orbit ; the small circle 
at these letters, the Moon in diflferent parts of a lunation. 
The varied appearances of tHe Moon at the Earth are 
represented in the external circle at abcdefgh. 
To understand these requires but a slight inspection. 

The axis of the Moon being almost perpendicular to 
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the ecfiptic, difference of seasons must be nearly un- 
known to the lunanans. 

It is con6dentIy asserted by some astronomers, diat 
there b no lunar atmosphere of any visible density. If 
so, it must be uninhabitable to beings constituted lUce the 
inhabitants of this Earth. It can have neither winds nor 
clouds, dews nor.rains. But all are not agreed in diis 
opinion. *^ It is not determined/' says Enfield, ^* whether 
there is an atmosphere belonging to the Moon." But it 
can hardly be supposed that so large^a field remains un- 
tenanted. There seems now a strong preponderance in 
favor of the opinion, that the Moon is surrounded by an 
atmosphere. " No large seas or tracts of water have 
been observed m the Moon by Dr. Herschel, or any oth- 
er astronomer ; nor did he notice any indications of a 
lunar atmosphere. Recent observations, however^ on 
the occultations of Jupiter and Venus by the Moon, ren- 
der it highly probable, that the Mocm, as well as the 
Earth, is surrounded by an atmosphere. On April 5th, 
1824, Mr. Ramage of Aberdeen, Capt. Ross of the na- 
vy, and Mr.' Camfield, at Northampton, observed, with 
excellent telescopes, the occultation of Jupiter, and to all 
of them the disk of the planet appeared distorted, when 
it approached the limb of the Moon ; and Mr. Camfield,^ 
at Clapham, on October 30th, 1825, observed on the 
emersion of Saturn from behind tlie dark limb of the 
Moon, first the disk of the planet, and then the eastern 
extremity of the ring decidedly flattened ; a phenomenon 

Srfectly analogous to what would be produced by re- 
iCtion, and therefore rendering it highly probable, that 
the Moon is surrounded by an atmosphere." (3uy*» 
Astronomy. 

The dark parts of the Moon attract the attention d* 
the roost careless observer. Hence ^ the wum in the 
MooUj^ b familiar to boyhood, and comnion to the un- 
learned. These dark parts were formerly thought to be 
seas, but are now considered dark cavities, not reflecting 
die light of the Sun. Many pits and caverns are dark 
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on the side next to the Sun, which. shows that they are 
hollow. But deep cavities are not all : the surface of 
the Moon is found to be diversified with large tracts of 
mountains, (Plate iv. Fig. 2). Dr. Brewster, in his 
supplement to Ferguson, has weU described the irregu- 
larities in the lunar surface. 

" The strata of mountains and the insolated hills, 
which mark the disk of this luminary, have evident- 
ly no analogy with those in our own globe. Her moun- 
tainous scenery, however, bears a stronger resemblance 
to the towering sublimity and terrific ruggedness of the 
Alpine regions, than to the tamer inequalities of less 
elevated countries. Huge masses of rock rise at once 
from the plains, and raise their peaked summits to an im- 
mense height in the air, while projecting crags spring 
from their rugged flanks, and, threatening the valleys 
below, seem to bid defiance to the laws of gravitation. 
Around the base of these frightful eminences are strewed 
numerous loose and unconnected fiagments, which time 
seems to have detached from their parent mass ; and 
when we examine the rents and ravines, which accom- 
pany the ever-changing cliffs, we expect every moment 
that they are to be torn from their bases^ and that the pro- 
cess of destructive separation, which we had only contem- 
plated in its effects, is about to be exhibited before us in 
tremendous reality. The strata of lunar mountains, called 
the Apennines, which traverse a portion of her disk 
from north-east to south-west, rise, with a p^cipitous and 
craggy front, from the level of the Mare linbrium. In 
some places, their perpendicular elevation /is above four 
miles ; and, though they often descend to a much lower 
level, they present an inaccessible barrier to the north- 
east, while in the south-west,. they sink in gentle declivi- 
ty to the pkins. 

The analogy between the surface of the Earth and 

Moon fails in a still more remarkable degree, when we 

examine the circular cavities which appear in every part 

of her disk. Some of these immense caverns are nearly 

6* 
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feur miles deep> and fixty in diameter. A high, regular 
ridge^ marked with lofty peaks and little cavities, gener- 
ally encircles them ; an insulated mountain frequently 
rises in their centre, and sometimes they contain smaller 
cavities of the same nature with themselves. These 
hollows are most numerous in the south-west part of the 
Moon ; and from thb cause that portion of this luminary 
is more brilliant than any other part of her disk. The 
mountainous ridges which encircle the cavities, reflect 
the greatest quantity of light ; and, from their luring in 
every possible direction, they appear, near the tmie of 
fiiO Moon, like a number of brilliant radiations, issuing 
from the large spot called Tycho. 

It is difficult to explain, with any decree of probabili- 
ty, the formation of tnese immense cavities ; but we can- 
not help thinking, that our Earth would assume the same 
figure, if all the seas and lakes were removed ; and it is 
therefore probable, that the lunar cavities are intended 
for the reception of water ; or that they are the beds of 
lakes aud seas, which have formerly existed in that lu- 
minaiy.* The circumstance of there beine no water in 
the Moon is a strong confirmation of this theory. The 
deep caverns, and tne broken, irregular ground, which 
appear in almost every part of the Moon's surface, have 
induced several astronomers to believe that these ine« 
qualities are of volcanic origin." 

The irregularities of the Moon's surface are of great 
use to us, by reflecting the rays of the Sun in different 
directioQS. If the surface of the Moon were covered 
with water, or smooth and pdished like a mirror, it 
would reflect the rays of the Sun, but not in the copious 
manner they are now difilused. In the direction of a 
reflected ray, she would show the Sun's image not larger 
than a point, but with a lustre hurtful to the organs of 
vinon. 



* The letfiBied author hti not toMnt what his beoome of the wa- 
ter. . CheaMa aay, bodiag are oever annihiltted. 
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The light of the Moon is exeeedingljr 9cA and cheeN 
log ; but is litde in the extreme compaied with that of 
th^ Sun. In this authors are agreed. But, from their 
different modes of computation, they have come to dii^ 
ferent results, and made considerable difference in the 
disproportion between the lunar and solar light. Dr. 
Hooke, accounting for the reason why the Mochi's light 
aflfords no percepuble heat, ofasenres, ^* that the quantity 
of light which falls on the hemisphere of the full Moon, 
is rarified into a sphere 288 times greater in diameter 
than the Moon, before it arrives at us ; and, consequent- 
ly, that the Moon's light, is 104,368 times weaker than 
that of the Sun. It would therefore require 104,368 
fiiir Moons to give a fi^ht and heat equal to that of the 
Sui| at noc»i. The light of the Moon, condensed by 
the best mirror, produces no sensible heat upon the ther- 
mometer. 

Dr. Smith has endeavored to show, in his book on 
optics, that the light of the full Moon is but equal to a 
90,900 part of the common lights of the day, when the 
Sun is hidden by a cloud." Ree$U Cydopadia. 

To a spectator at the Sun, the Moon never appears 
more than lO' distant from the Earth. 

The Moon's orbit is an ellipse, the Earth bein« in one 
of the foci. (The point of the orbit nearest the Earth is 
called the perigee) that fiurthest distant, the apogee^ 
Syzygyi^ii common name for the conjunction and op- 
position, or change and full, of the Moon.\ 

Dr. Herschel saw, or thought he saw(Uiree volcanoes^ 
at the same time in the Moon ; one showing an eruptiim 
of fire, or luminous matter ; the other two about to break 
out, or nearly extinct. 

When the Moon is about three or four days old, the 
part of her disk not enlightened by the Sun becomes vis- 
ible, famtly iUuminated by light reflected from the Earth. 
The horns of the enlightened part, appearing to project 
beycMid the old Moon, seem part of a sphere larger than 
the fiuntly enlightened part. This phenomenon b call- 
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ed by the unlearned, with much expression, the old 
Moon in the new Moon^s arms. Probably it is an opti- 
cal illusion. Any object bright appears larger than 
when dark, or faintly illuminated. View from a dis- 
tance a house painted partly white, the remainder un- 
painted or dark. The bright part will appear to rise 
above the unpainted or dark part. 

It is a singular phenomenon, that die Sun or Moon 
near the horizon, appears larger than when seen in the 
meridian. It is the more singular, as the disk of either, 
particularly the Moon, must, by calculation, subtend at 
the Earth an angle increasing with the height of the 
luminary. To an observer on the Earth's surface, the 
Sun or Moon must be about 4000 miles nearer at the 
zenith than at the horizon. The principle is corroborat- 
ed by actual admeasurement. When subjected to this, 
either luminary appears largest on the meridian. The 
apparent increase of magnitude at the horizon must be 
an illusion of the observer's sight. Objects at a distance 
appear smaller or larger as our imagination, assigns them 
a situation more or less remote. Without doubt, the 
difierence in appearance must be affected by the medi- 
um of vision. Objects often appear magnified in a mist 
or fog ; and, in the dusk of tfie evening, a small cottage 
has been mistaken for a distant church. Near the hori- 
zon, our vision is rendered more or less obscure by 
water and other particles floating in the atmosphere. 
But the view of remote objects may be most affected by 
the intervention of other objects. Bodies on the oppo- 
site side of a plain, a wide-spread meadow, or lake, ap- 
pear small, because, by the imagination, they are placed 
at a distance far less than the reality. A ball or vane on 
the top of a lofty spire appears far less than the same 
object at an equal distance on the ground. But the er- 
ror of vision seems corrected by intervening objects, 
which make us conceive those beyond at a greater 
distance. 

Let the principle be applied to the Sun or Moon, 
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seen on the meridian or at the horiaon. No objects in- 
tenrene between us and the meridian luminary. Ima^- 
nation, therefore^ places it near the observer. But^ at 
the horizon, a distant hamlet or village, hill, mountain, 
or other object, seems to throw back the heavenly body, 
and, making it seem at a greater distance, enlarges its 
apparent magnitude. 

The uniformity of the Moon's visage, or its exhibiting 
always the same face, is subject to some alteration. 
Spots on the east and the west, on the north and the 
south of the Moon, appear and disappear in rotatk>n. 
The phenomena are produced by the Moon's Ubratums. 
These are of four kinds. The diurnal motion of the 
Ekirtb on its axis, carryine the spectator farther north or 
south, causes the daili^ Iwration of the Moon, 

The Kbration of the Moon in longitude is caused by 
her uniform motion on her axis, and the irregularity of 
her rootbn round the Earth. 

The lUfration of the Moan in latitude is caused by 
the inclinatioh of her orbit to the plane of the ecliptic. 

The other is a small libration^ caused by the attrac- 
tive force of the Earth on the spheroidical figure of the 
Moon. 

How far is the Moon distant from the Earth ? Why is the Moon 
interestingr to us ? In what time does the Moon perform a revolu- 
tion from a point in the ecliptic to the same again ? What is 
her sidereal revolution? Wnat is a lunation? iWhj does the 
Moon always present the same face to us .^ Whatmay cause the 
Moon to turn on its axis ? What has been the error of authors re-, 
spectiug the time of the Moon^s revolution on its axis ? What is the 
diameter of the Moon ? How must the Earth appear to lunarians ? 
What diflferenee is there in the hemispheres of the Moon respecting 
light ? Why does the Moon shine ? W hat is the cause of the Moon^ 
exhibiting different phases ? Hsve the lunarians difference of sea- 
sons ? Has the Moon>an atmosphere ? Why does the Moon exhib- 
it dark spots, called the Man in the Moon ? Are the mountains in 
the Moon similar to thos^ of the Earth ? Why are the irregularities 
in the Moon's surface useful to us ? If the Moon's surnce were 
covered with water, how would it reflect the Sun'a image ? What 
proportion does the light of the Moon bear to that of the Sun, ae- 
eording to different authors ? How far distant from the Earth doea 
the Moon appear to a spectator at the Sua ? What is the apogee 
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and perigee of the Moon's orbit ? What is sjzygy ? Whal did Dr. 
Herschel think he saw in the Moon? When me Moon is about 
three or four days old, what does she exhibit ? Why do the Sun 
and Moon appear larger in- the horizon than on the meridian ? 
What are the Ubrations of the Moon. 



Section IX. Of Mars, 

Mars, in distance from the Sun, is next to the Earth 
in the solar system. The red, fiery color of this planet 
attracted the attention of the ancients. Hence they gave 
it the name of their god of war. Hence also it " is usu- 
ally represented by tliis character, (J , which is said to 
be rudely formed from a man holding a spear protruded, 
representing the god of war." 

Some have thought the color of Mars may arise from 
his being of a nature suited to reflect the red rays of 
light. But the prevailing opinion is, that it arisies from 
the extended and dense atmosphere of the plaiiet.^ The 
color of a beam of light, passing through a dense medi- 
um, inclines to red ; the color always being brightened in 
proportion to the density of the medium, and the distance 
passed. The red, the least refrangible rays, seem more 
strong and vigorous than the violet, the most refrangible 
rays. The former will traverse an atmosphere, when 
the latter will be absorbed or diverted. Hence the rud- 
dy appearance of this planet and of the Moon eclipsed ; 
and hence the beautiful tinge of the morning and evening 
clouds. 

In 1665, Dr. Hooke ) discovered spots on Mars. 
From a motion perceived in these, he concluded this 
planet had a rotation on its axis. In 1666, Mr. Cassi- 
ni observed spots on Mars. By diligent observation 
on these, at different times, he ascertained that Mars 
performed a revolution round his. axis in 24 hours 40 
minutes. 

To the inhabitants of the Earth Mars appears some- 
times gibbous ; (sometimes full i never horned/ Fig- 
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ures 4, 5, and 6, of Plate iii, represent different tel- 
escopic appearances of Mars. At Fig. 6 he appears 
gibbous. ■ 

Besides the dark spots on Mars, Miraldi observed (|i 
luminous zone round bis south pole^ which he asserts 
had been seen by astronomers 60 years before his 
time. This singular phenomenon is represented in 
Plate iii,' Figs. 6 and 6. At Fig. 5, this spot presents a 
singular appearance, apparently projecting beyond the 
disk of the planet, and producing a breach which seems 
the greater on account of the gibbous appearance of the 
planet. Other astronomers have observed^ peculiar 
splendor or brightness at both the poles of Mars.j This 
is subject to much variation. Dr. Herschel supposes 
the splendor arises from the snow around the poles ; and 
that the variation in the appearance is caused by the 
melting of the polar ice. 

The greatest distance of Mars from the Earth is 
about 269,000,000 miles ; the least, 49,000,000 miles. 
Hence this planet, when in conjunction with the Sun, 
appears ^3 timesjiess than when in opposition. 

The figure of Mars is an Ablate spheroid,^the equato- 
rial diameter being to the polar nearly as 16 to 15. 

To an inhabitant of Mars the Earth must appear as<a 
morning and evening stap| as Venus does to us, but of a 
less magnitude, and less brilliant. It must exhibit 
all the phases of the Moon, like Mercury and Venus, to 
the inhabitants of the Earth. 
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Mean diameter, 4189 miles. 
Mean diameter, as seen from the Sun, 6'^ 
Inclination of his orbit to the ecliptic, 1^51' 4'^ 
Tropical revolution, 686 d. 22 h. 57 m. 58 s. 
Sidereal revolution, 686 d. 23 h. 30 m. 35 s. 
Place of ascending node, Taurus, 18^ 15' W'. 
Place of descending node, Scorpio, 18° 15' 8''. 
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Mocioa of the nodes in longilude tx 100 yean, 

46' 33''. 
Retrograde motion of the nodes in 100 years, 37' 59". 
Phce of the aphelion, 5 s. 2^ 57' 54". 
Motion of the aphelbn ia longitude fixr 100 years, 

lo 51' 40". 
Diurnal rotaticn, 24 h. 40 m. 
Mean distance from the Sun, 144,000,000 miles. 
Eccentricity, 1 3,474,5 1 5 miles. 

Why wu MarsrepzeMHted by the chancter <}? Why does Man 
appear of a fiery color ? Who diacovered spots on Mara P In what 
time doea Mara perform a revolution on his axis ? How doea Man 
aometimea appear to the inhabitanta of the Earth ? What did Mir^- 
di obaiwe in Man ? What have other astronomeri ohaenred in Una 
planet ? How mnch leaa doea Man appear to ua in conjunction 
than in oppoeition f What ia the form m Man ? How moat the 
Earth appear to the inhabitanta of Man f 



Section X. Of the Asteroids. 

The term Asteroid is Ibrmed fixHn two Greek words, 
{^asteer, a star, and eidos, appearance:^ The term is said 
to have been first applied by Dr. HerscheL 

VThe Asteroids are four small planets, the orbits of 
jsibich are between those of Mars and Jopiteny 

Prior to the discovery of tt^ Asteroids,lirnegu]arities 
in the motions of the old planet^ le^ some astronomers to 
Suppose there must be a planet between Mars and Jupi- 
ter. (The first day of the present centuryjis memorable 
for the discovery of an intervening planet : three others 
were afterwards discovered ; so that die astronomer of 
the present century has the peculiar felicity to know, 
that not one planet ociy, but lour, occupy the interven- 
U3g space between Mars and Jupiter. 

" These minor planets are also represented by sym- 
bols :-Hy^ta, by a character resembling an ancient 
altar, with the sacred fire) ^uno, by the symbol of Mer- 
cuiy^ with the superior curves turned the contrary way, 
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-and a star betweoi themJI^ The diaracter ot Ceres is a 
mckle^ or reaping-hook ;|and Pallas is represented by 
the head of an ancient spearf '— JPnor'i L^eetures, 

VESTA, 

Vesta, though the nearest of the Asteroids to the 
Sun, ^as the last discovered, being first seen by Dr. 
Olbers^ of Bremen, in Lower Saxony, on the 29th of 
March, 1807. It maybe seen in a clear evenine by 
the naked eye. / Its light is more white, pure, ana in- 
tense than that of the other Aste^oids^ It is not sur- 
rounded by nebulosity,(^and has no visible disk.^ 

Mean diameter of Vesta, 238 miles. 

Mean dbtance from the Sun, 225,000,000 miles. 

Inclination of its orbit, 7^ 8' 46''. 

Tfbpical revolution, 3 y. 60 d. 4 h. 

Place of the aphelion, m 1809, 2 s. 9^ 42' 53". 

Longitude of ascending node, 3 s. 13^ V (y\ 

Eccentricity, 20,974,725 miles. 

JUNO. 

Juno, or Harding, was discovered by Mr. Harding^ of 
lilienthal, near Bremei^ September 1st. 1804.) Ap- 
pearing like a star of th^^ghth magnitude^ is of a red- 
dish colorl free fi:om theSebulosity observable on Pallas. 
Yet it may be concluded fix>m Mr. Schroeter's observa- 
tions, that(it must have an atmospherej more dense than 
any of the primary planets, except the Asteroids. A re- 
markable variation in the brilliancy of Juno was observ- 
ed by this astronomer. He attributed this to the 
changes taking place in the atmosphere. He thinks, 
however, these changes may arise nrom a diurnal rota- 
tion in 27 hours. 

JThe most singular circumstance respecting Juno, is 
f the great eccentndqr of its orbit| as may be seen by in- 
spection (^the elementa. 
6 
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Mean diameter of Juno, 1,425 miles. 

Mean distance from the Sun, 252,000,000 miles. 

Inclination of its orbit, 13^ 3' 28". 

Tropical revolution, 4 y. 128 d. 

Place of aphelion in 1809, 7 s. 29^ 49' 33''. 

Longitude of ascending node, 5 s. 21° 6' 37". 

Eccenuricity, 63,241,920 miles. 

C/EK£S. 

iThe discovery of Cere^K as we have seen, led the 
van of discoveries in the present century. It was made 
by<Piazzi,^astronomer royal at Palermo, on the^rst day 
of January, 180U According to some, it is about the 
size of the Moon, appearing like a star of the eighth 
magnitude. Dr. Herschers measurement, however, 
made its diameter 13 times less than that of the Moon. 

The planet Ceres is of ^ruddy color, though not very 
deeply tinged^ Examined by a magnifying power of 
about 200, it exhibits a disk surrounded by a dense and 
extended atmosphere. By many observations, Mr. 
Schroeter found this atmosphere /Subject to ' various 
changes,^and extended to the great height of 675 miles. 
But little opportunity is given for discovering the diurnal 
rotation of this planet, the visible hemisphere being in^ 
terchangeable, overshadowed, and clear. 

VThe atmospliei-e ;K)f Ceres, like that of the Earth, 
very dense at the planet, and more rare at a distance, 
produces singular variations in fits apparent diameter.") 
The disk seems to enlarge when the planet is approach- 
ing the Earth, much faster than might be expected from 
the diminution of distance. 

Mean diameter of Ceres^ 163 miles. 

Da according to Schroeter, 1,624 miles. 

Mean distance from the Sun, 263,000,000 miles. 

Inclination of its orbit, 10° 37' 34". 

Tropical revblution, 4 y. 220 d. 12 b. 53 m. 34 s. 

Place of aphelion, in 1802, 4 s. 25° 57' 15". 
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Longitude of ascending node, 2 s. 21^ 6^ 0^^ 
Ecceotricity, 21,410,830 miles. 

PALLAS. 

Pallas, discovered by Dr.^Olbers, ion tlie 26th of 
March, 1802;tis in (magnitude nearly tne same as Ceres, 
but of a color less ruddy. J It is surrounded with nebu- 
losity, similar in appearance to that of Ceres, and ex- 
tended to a height almost equal. In the eccentricity of ^ 
Its orbit, it resembles Juno. Pallas is distinguished from 
all the other primary planets by the^reat inclination of 
its orbit to the plane of the ecliptic, )being about 36^; 
nearly five times the inclination of Mercury's orbit. 

Mean diameter of Pallas, accordiog to Herschel, 80 
miles. 

Do. according to Schroeter, 2,099 miles. 

Mean distance from the Sun, 265,000,000 miles. 

IncUnation of its orbit, 34° 39^ 0'^. 

Tropical revolution, 4 y. 7 m. 11 d. 

Place of aphelion m' 1802, 10 s. 1^ r (y. 

Longitude of ascending node, 6 s. 22^ 28' 57^'. 

Eccentricity, 65,269,500 miles. 

The inean distances of these Asteroids from the Sun 
being comparatively equal, but the inclination of their 
orbits, and the position of the line of their apsides, dif- 
ferent, their orbits intersect each other. (Plate i. Fig. 3.) 
Whether they will ever come in conflict is uncertain, 
but may be determined by fature observations and the 
calculation of succeeding astronomers. We know they 
are guided by infinite wisdom. 

Much labor and ingenuity have been employed to 
show, that these Asteroids are but fragments of a larger 
planet burst asunder by some vast explosion. The hy- 
pothesis seems not supported by conclusive arguments. 
Against it there are strong reasons. The idea itself of 
such an explosion seems extravagant beyond concep- 
tion. How vast must have been the force which could 
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throw such bodies from each other to a distance of 40 
millions of miles ; or so as to revolve in orbits 40 millions 
of miles distant ! Immense is the explosive force of 
Hecla, throwing lava or cinders to the distance of 150 
miles. But how diminutive ! How are all the explo- 
sions of Vesuvius and Hecla^ of Etna and Cotopaxi, an- 
nihilated in comparison ! Had these Asteroids consti- 
tuted but one planet, since the first attention to the 
heavenly bodies, it would have been seen by ancient 
astronomers, being sufficiendy large for observation by 
the naked eye. It would have been enumerated among 
the planets. It may be added/ that the vast atmosphere 
of some of these planets, which would, without doubt, 
have been left behind in such an explosion, seems di- 
rectly opposed to the idea of their having been hurled 
fix)m a bursting planet. 

Of what is the term Asteroid coitnpottnded > What are the Aste-* 
rOiuSf What caused some astronomers to sappose there was a 
planet between Mars and Jupiter ? On what day was the first of 
tlie Asteroids discovered ? By what characters are the Asteroids 
represented? When and by whom was Vesta discovered? How 
does its light differ from that of the other Asteroids? Has it nebu- 
losity or a disk ? Who discovered Juno ? When ? What are the 
apparent magnitude and color of Juno ? Has it an atmosphere ? 
Wnat is the most singular circumstance respecting Juno ? What 
led the van of discoveries in the present century ? When was 
Ceres discovered ? By whom ? What is the color of Ceres ? What 
kind of atmosphere has this planet ? What produces singular va- 
riations in its apparent diameter? What are those variations? 
Who discovered Pallas ? At what time ? How are its magnitude 
and color ? Has it nebulosity or an atmosphere ? In what is it 
distinguished from all the primary planets ? What is remarkable 
in the orbits of the Asteroids ? What have much labor and inge- 
nuity been employed to show ? What objections can be offered to 
the hypothesis that tlie Asteroids formerly constituted but one 
planet ? 



Section XI. Of Jupiter. 

Beyond tlie Asteroids, or farther distant from the Sun, 
is Jupiter, the lai^est of the planets. (Jupiter, next to 
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Venus, is the most brilliant of the planets.) He some* 
times even surpasses her in brightness. The form of 
Jupiter is an/pblate spheroid,] his equatorial diameter be« 
ing to his polar, as 14 to 13. 

The character JJj? , by which this planet is represent- 
ed by astronomers, is a zeta, the first letter of his Greek 
name, Zem; the lower part cut off by a small line 
drawn across, as a sign of abbreviation. 

The most remarkable phenomena in the disk of J(^ 
piter is afnumber of belts or stripei^ by which he is en- 
compassed. /These appear variable at different timesj 
and even at the same time, viewed by telescopes of 
different powers. Yet they generally appear parallel to 
each other, and parallel to the equator of Jupiter. Iq 
very favorable weather, they sometimes seem formed of 
a number of curved lines, like the strokes of an engrav- 
ing. Eight or ten belts have been seen at the same 
time. The belts have been observed, at times^, of dif- 
ferent breadths, and have afterwards all assumed nearly 
the same breadth. /Bright and dark spots)arer frequent- 
ly visible in these oelts. Like the belts, the spots are 
subject to continual change. When a belt vanishes, the 
contiguous spots disappear. Some of the spots, how- 
ever^seem to make periodical returns. ) The spot first 
observed by Cassini re-appeared eight times between 
the years 1665 and 1708. I» 1713^ it again re-ap- 
peared, in the same form and position. In 1780, May 
28, the disk of Jupiter was observed by Dr. Herschel, 
covered with small, curved belts, or rather lines not con- 
tiguous, as in Plate iii. Fig. 7 and 8. Parallel belts, 
however, as rejnresented in Plate iii, Fig. 9, are most 
common. 

Different opinions are formed by astronomers respect- 
ing the cause of these appearances.. By some they 
are considered the effect^ of changes in the atmosphere 
surrounding Jupiter, Jwhile they are regarded by others 
as indications of^eat\physical revolutions on the surface 
of the planet.\ By others, again, it is supposed that the 
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douds of Jupiter, partaking the great velocity of bis di- 
urnal motion, are formed into strata, parallel to his 
eauator, that the ckiuds reflect more light than the body 
of Jupiter, and that the belts are the body seen throug]b 
the parallel interstices of the clouds. '^ But whatever 
be the nature of these belts," says Mr. Dick, ^^ the sud- 
den changes, to which they are occasionally subject, 
seem to indicate the rapid operations of some powerful 
physical agency — ^for some of these are more than 5,000 
miles in breadth — and, since they have been known to 
disappear in the space of an hour or two, and evei^ dur- 
ing the time of a casual observation, agents more pow- 
erful than any with which we are acquainted, must have 
produced so extensive an effect." 



ELEMENTS OF JUPITER. 

Mean diameter, 89,170 miles. 

Mean diameter, as seen from the Sun, 27".7. 

Inclination of his orbit to the ecliptic, 1^ 18^ 5V\ 

Tropical revolution, 11 y. 314 d. 8 h. 41 m. 3 s. 

Sidereal revolution, 11 y. 314 d. 22 h. 19 m. 

Place of ascending node, Cancer, 8° 42' 33". 

Place of descending node, Capricorn, 8^ 42' 33''. 

Motion of the nodes in longitude for 100 years, 69' 30". 

Retrograde motion of the nodes in 100 years, 24' 2". 

Place of the aphelion, 6 s. 11^ 37' 40". 

Motion of the aphelion in longitude for 100 years, 

lo 34' 33". 
Diurnal rotation, 9 h. 55 m. 37 & 
Mean distance from the Sun, 490,000,000 miles. 
Eccentricity, 23,762,635 miles. 

SATELLITES OF JXTPITER. 

Jupiter is attended by four satellites. They are reck- 
oned the first, second, diird, and fourth, beginning with 
the one nearest to the primary* These satellites were 
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discovered by|^Gralileo^^on the 8th of January/ 16 1(^ and 
caQed by Urn Medica sidera^ Medicean stars'y in honor 
of hid patrons, the family of the Medici. 

By some, we are told these satellites are not to be 
seen by the naked eye. But^Prior, in his Lectures aa 
Astronomy, informs us, that, ^^ with the exception of the 
third and fourth, they are never visible to the naked 
eye| instances of these two being so seen are extremely 
rare, although diey have been known to occur." He tells 
us, in another place, that, " according to Dr. Herschel, 
the third is the largest ; the second the least ; and the 
first and fourth are nearly of the same size. They are 
all of them supposed to be considerably larger than the 
Earth ; but their dimensions are not exactly known." 

Through a good tel^ppe, the satellites of Jupiter 
present a /delightful, prospect.) They seem generally 
ranged in la straight line, parallel, or nearly parallel, to 
his belts. Jupiter and his satellites eclipse each other. 
Like the Moon, they throw their dark shadows upon 
their primary; and, like her, they fall into his shadow 
and are eclipsed. These phenomena are a demonstrai- 
tion, that those distant luminaries are in themselves 
opaque, and shine not by their own light, but by rays 
borrowed from the Sun. 

The eclipses of Jupiter's satellites are of great utility 
to us. By these it is found that light is progressive, 
which, before their discovery, was supposed to be in- 
stantaneous. By them, the relative distances between 
the Earth, the Sun, and Jupiter, can be ascertained. 
But the greatest benefit derived from^ thiese eclipses, is 
tq|^ geography and navigation^ They ajBbrd one of the 
best methods yet known for ascertaining longitude. It 
could not nave occurred to. Galileo, when he first dis- 
covered these satellites, that, by an act so simple, he was 
rendering so great a benefit to mankind. Here is 
verified the observation of a celebrated traveller, that the 
/Deity, evecy where, brings the greatest events from causes 
apparently the hasUj 
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SATURN. 




SateUitei. 
1 

2 
3 
4 


Id. 
3 

7 
16 


Periodical times. 

18 h. 28 m. 36 s. 
13 17 54 
3 59 36 
18 5 6 


Dislancas tram 
primary in miles. 

266,000 

423,000 

676,000 

1,189,000 



How is Jupiter in magnitude and brilliancy? What ib his 
form ? What is his character ? What is the most remarkable phe- 
nomenon in the disk of Jupiter ? How do his belts appear ? Wh^t 
have been visible in the belts ? .What do some of the spots appear 
to do ? What opinions have been formed respecting {tie cause of 
the apparent spots and belts on the disk of Jupiter ? What do the 
sudden changes in Jupiter's belts seem to indicate ? How broad are 
some of the Belts ? Bv whom were the satellites of Jupiter discov- 
ered ? What year ? C&n these satellites be seen by the naked eye ? 
What does Prior say of their magnitude ? What prospect do they 
present through a ^ood telescope ? Of what are the eclipses of Ju- 

5 iter and his satelhtes a demonstration ? Wh^ are the eclipses of 
upiter's satellites of great use to us P What is verified by them ? 



Section XII. Of Saturn. 

Beyond Jupiter, in the solar system, is Saturn, for- 
merly considered |the most remote of the planets^N He 
shines with afduU, pale, leaden light. ^ 

The character of Saturn, 1^ , is^ scythel rudely rep- 
resented ; according to some, an old man leaning on a 
staff. In heathen mytholc^, Saturn was the father of 
Jupiter. 

(Belts and dar'k spots^have been discovered on the 
disk of Saturn. Five belts, nearly parallel to the equa- 
tor, were observed by Huygens. ) Several, nearly paral- 
lel to the ring,)and more extensive in proportion to the 
body of the planet, than those of Jupiter, were seen by 
Dr. Herschel. By the spots of Saturn changing their 

Stsition, his diurnal rotation was determined by Dr. 
erschel to be 10 h. 16 m. 0.44 s. Guy, in his Astrono- 
my, informs us, '5 later accounts say, 12 h. 13i m." 

To an inhabitant of Saturn, the Sun's light and heat 
must be 'about 90 times less than they are to lls.^ - 
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View^ with a good telescope, Saturn appl&ars of a 

^spheroidical figure^ A remarkable circumstance is, the 

/flatting at the poles does not seem to commence till the 

high latitude of 43^ 20^) According to Dr. Herschel, 

the proportion of his disk is, 

Diameter of the greatest curvature, 36 

Equatorial diameter, 35 

Polar diameter, 32 

The most remarkable phenomenon of Saturn isfa 
ring with which he is encompassed.} Something ex- 
traordinary in the appearance of this planet was dis- 
covered by Galileo, r'^ It seemed a large globe between 
two smaller globes; This discovery he announced in 
/ 1610A Continuing his observations till the year 1612, 
to his surprise the smaller globes disappeared, and the 
larger remained apparently alone. But, after some 
time, the smaller globes again appeared on each side of 
the larger globe, changing their form as he continued 
his observations; appearing, at different times, round, 
semicircular, obloDg like an acorn, with horns towards the 
globe, becoming, gradually, so long and wide as to en- 
compass it with an elliptical ring. " Upon this, Huygens 
set about improving the art of grinding object-glasses, 
and 'made telescopes which magnified two or three times 
more than any which had been before made, with which 
he discovered very clearly the ring of Skum ; and, 
having observed it for some time, he published the dis- 
covery in 1656." 

The ring of Saturn is^ouble,>»r, rather, consists of 
two concentric rings, detached from each other, and 
from the body of the planet In Plate ii, Saturn and 
bis double rbg are represented as in the largest view, 
when seen from the Earth. In Plate iii. Fig. 10, he 
appears as if viewed by a spectator at right angles to 
the plane of the ring. In Plate iii, Fig. 11, the ring 
is represented very obliquely to the view ojf the ob- 
server. Its inclination to the ecliptic is 31^. The two 
parts of the ring lie in the same plane, performing a 
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revolution round an axb perpendicular to that plane, 
in 10 b. 32 m. 15 s. It is visible to us wben tbe Sun is 
on tbe same side of its plane with tlie Earth, but at no 
other times. A deep shadow is cast by the ring on 
that part of Saturn which is opposite to the Sun. In 
this dark shadow, each half of the planet, in succession, 
must be enveloped for almost fifteen of our years, or 
during one half of Saturn's annual revolution. Diirine 
the same term, each, in succession', must be illuminated 
by the double ring, the light of which is more briUiant 
than that of the planet itself. 

The ring of Saturn is considered by Dr. Herschel, not 
as a shining matter, or aurora borealis, as supposed by 
sorae,lbut solid and dense^as the body of the planet. 



DIMENSIONS OF THE RING. 

Miles. 

Inner diameter of the interior ring, 146,3^ 

Exterior diameter, 184,393 

Inner diameter of the external ring, 190,248 

Exterior diameter, 204,883 

Breadth of the inner ring, 19,024 

Breadth of the external ring, 7,317 

Breadth of the vacant space, 2,927 



ELEMENTS OF SATURN. 

Mean diameter, 79,042 miles. 
Mean diameter, as seen from the Sun, 18^'. 
Inclination of his orbit to the ecliptic, 2° 29' 34.8''^ 
Tropical revolution, 29 y. 162 d. 11 h. 30 m. s. 
Sidereal revolution, 29 y. 167 d. h. 27 m. s. 
Place of the ascending node. Cancer, 22^ 12' bV. 
Place of the descending node, Capricorn, 22° 12' 57". 
Motion of the nodes in longitude, for 100 years, 62' 35". 
Retrograde motion of the nodes in 100 years, 30' 57". 
Place of the aphelion, 8 s. 2° 38' 18". 
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Motion of the af^elion in lon^tude, for 100 years, 

lo 50^ T'. 
Diurnal rotation, 10 h. 16 m. 
Mean distance from the Sun, 900,000,000 miles. 
Eccentricity, 50,958,399 miles. 

SATELLITES OP SATURN. 

Saturn has seven satellites, revolving about their pri- 
mary, and accompanying him b his revolution round 
the Sun. 



Satellites. 


~ 


Periodical timet. 




Diataneea from 
primary in mile*. 


1 

2 
3 
4 
5 
6 


Od. 

1 
1 
2 
4 
15 


22 h. 37 m. 
8 .53 

21 18 
17 41 
12 25 

22 41 


22 s. 

8 
27 
22 
12 
13 


107,000 
135,000 
170,000 
217,000 
303,000 
704,000 


7. 


79 


7 48 




2,050,000 



The seventh satellite of -Saturn is, by some, reckoned 
the fifth. cThis satellite is remarkably bright at its 
greatest western elongation, surpassing all the others 
but one in lustre. Very small at other times, it entire- 
ly disappears at its greatest eastern elongation^ This 
phenomenon was first observed by Cassini. It may 
arise from one part of the satelHte being more luminous 
than the other parts. It was observed through all 
the variations of light by Dr. Herschel. He concluded 
that, like the satellites of Jupiter and our Moon, it re- 
volved on its axis at the same time that it performed a 
revolution round its primary. 

"There is not, perhaps," says Dr. Herschel, "anoth- 
er object in the heavens, that presents us with such a 
variety of extraordinary phenomena, as the planet 
Saturn ^ a magnificent globe, encompassed by a stu- 
pendous double ring ; attended by seven satellites ; 
ornamented with equatorial belts; compressed at the 
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poles; tunmie opoo ks axis; moiDallf edipsii^ hs 
ring and satelfites, and ecfipsed hj tfaem; the most 
distant of the rings also taming npoo its axis, and the 
same taking ^ace with the firSiest of the satellites ; all 
the parts ot the system of Saturn oocasaooally reflect- 
ing Ugbt to each other ; the rings and the moons illu- 
minating the night of the Satumian ; the globe and the 
satellites enlightening the dark parts of the rings ; and 
the (rianet and the rii^s throwing back the Sun's beams 
upon the moons, when thej are deprived of them at the 
time of their conjunctions." 

How was Saturn fomierly conndered ? With what light does he 
•hine ? What does the character of Satnm, >^. represent ? What 
have been discovered on the disk of Saturn ? Wlwt kind of belts 
were seen by Herschel ? In what time does Satnm turn on his 
axis ? Ho|v are the Sun's light and heat at Saturn ? What is the 
form of Saturn ? What is the most remarkable phenomenon of 
Saturn ? How did the ring first appear to.Gralileo ? When did he 
announce his discovery ? How did Huygens discover that the ob- 
ject seen by Galileo was a ring ? Is the rinc of Satnm single or 
double P How is it inclined to the ecliptic? When is the ring 
visible to us ? How long is each half of Saturn, in succession, en- 
veloped in the dark shadow of the ring ? What substance did Dr. 
Herschel consider the ring of Saturn? How many satellites has 
Saturn ? What is remarkable in the appearance of the seventh ? 
What does Dr. Herschel say of the phenomena of Saturn ? 



Section XIII. Of Henehel 

Herschel, Uranus, or Georgium Sidus, was unknown, 
as a planet, to the scientific world, till the year\178i:) 
On the 13th of March, in that year, it was discovered 
by the celebrated astronomer whose name it usually 
bears in this country. Before the discovery, it had 
probably been seen by astn>noroers, but had attracted no 

C'cular attention. Prior, in his Lectures, tells os, ^* it 
been observed by Fiamstead and Mayer, but was 
considered by them as a fixed star, and, as such, iotfo- 
duced into dieir catalo^es." •' Viewbg the small stan 
near the feet of Genuni^'I)r> Herschel )wa8 struck with 
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the appearance of one, less brilliant than the rest, but 
surpassing them in magnitude. He suspected it to be a 
/ comet.") Observing it with di^rent telescopes^ he found 
that, contrary to the fixed stars, its disk appeared to in- 
crease with the magnifying power of the glasses* He 
found also, by measuring- its distance from some of the 
fixed stars, at different times, that it moved about 2^^^ 
in an hour. That it was a planet, first occurred tgf Dr. 
Maskelynej 

The name Georgium Sidits, or Georgian star, was 
given to this planet by Dr. Herschel, in(compliment to 
his patron George lU!) the then reigning king of Great 
Britain. It is often called Uranus, in European publi- 
cations. Uranus, in heathen mythology, was the father 
of Saturn. 

This planet is so distant. It is Scarcely visible to the 

naked eye. In a serene sky, however, it appear^ like a 

star of the sixth magnitud^ shining with a bluish-white 

light, and a brilliancy between the Splendor of the Moon 

^ and that of Venus. 

Such is the immense distance of this planet, that no 
observations have been made upon it, by which the time 
of its diurnal revolution can be determined. #. - 

Herschel is denoted by this character, V^the initial 
of a name immortal as human science ;^ '^ the horizontal 
bar being crossed by a perpendicular line, forming a 
kind of cross, the emblem of Christianity, denoting, 
perhaps, its discovery was made in the Christian era." 
The ball, however, represented as pendent from the H, 
may be a globe or planet, as hanging on the discovery of 
the astronomer Herschel. 



- ELEMEI^TS OF HERSCHEL. 

Mean diameter, 35,112 miles. 
Mean diameter as seen fi'om the Sun, 4^\ 
Inclination of his orbit, 0^ 46' 26''. 
Tropical revolution, 83 y. 306 d. 7 h. 21 m. 

7 
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Sidereal revolution, 84 y. 8 d. 9 h. 33 m. 

Place of the ascending node, Gemini, 12^ 59^ 4''. 

Place of the descending node, Sagittarius, 12° 59' 4'^ 

Motion of the nodes in longitude for 100 years, 26' 1 0''. 

Retrograde motion of the nodes in 100 years, 57' 22". 

Place of the aphelion, 11 s. 17° 48' 6". 

Motion of the aphelion in longitude for 100 years, 

10 28' 0". 
Mean distance of the planet from the Sun, 1800,000,000 

miles. 
Eccentricity, 86^63,800 miles. 



SATELLITES OF HERSCHEL. 

V Six satellites have been discovered, accompanying 
Herschel in his dark and tedious round. ^'It is re- 
markable," says Prior, " that these satellites revolve in 
a retrograde direction J or contrary to the order of the 
signs,yn orhits lying nearly in the same plane, and al- 
most perpendicular to the plane of the planet's orbit." 
This statement is corroborated by other accounts. The 
satellites of Herschel were all discovered by Dr. 
Herschel. 



Satellitet. 




Periodical times. 




Distance from 
primary in miles 


1 

2 
3 

4 


5d. 

8 

10 
13 


21 h. 
16 
23 
10 


25 m. 
57 
2 
56 


20 s. 
47 
47 
29 


230,335 

298,838 
348,388 
399,593 


5 
6 


38 
107 


1 
16 


48 
39 



56 


746,240 
1,597,708 



When was the planet Herschel discovered ? By whom ? If it 
had been before seen, what had it been considered ? How was Dr. 
Herschel employed when he discovered this planet? To whom 
did it first occur that it was a planet ? Why did Dr. Herschel call 
it Geor^um Sidus.^ How does it appear to the naked' eye ? Has 
its diurnal rotation been determined .' Why is Herschel denoted 
by this character, 9 ^ How many satellites has Herschel ? What 
is remarkable in the motion of these satellites? 
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CHAPTER n. 

Causes of the Planetary Motion. 

Matter is in itsel^inactive^ and moves but as im- 
pelled by external force. An impulse being given to a 
body, it passes inT a right line,] till turned out of its 
course by a difierenr impulse, not in direct coincidence or 
opposition to the former. Uninterrupted, it would for- 
ever move in the same direction, and at the same rate, 
or over equal distances in equal times. After every new 
impulse, it will take a new direction, and pass in a dir 
agonal between its former course and the direction of the 
new impulse. Let the body at A, [Plate v. Fig. 9,] 
bg impelled by a momentum sufficient to carry it in a 
given time from A to B. It would, uninterrupted^ move 
from B to C, and from C to D, equal distances in equal 
times. *But if, at B, it receive an impulse in the direc- 
tion B E, sufficient to carry it to E in the same time that 
the former motion would carry it to C, it would move in 
the diagonal B F, and be found at F at the same time 
that it would have arrived at C, unaffected by the im- 
pulse last given. — See Enfield^s Philosophy, Book II, 
Chap, iii. Proposition 14. 

Circular or eUiptical motion is the effect, not merely 
of(an impulse in one direction,) but of such an impulse 
and a continued action forcing a body from a right line 
towards a centre. The planets all move in ellipses, 
differing, however, but little from y^circles, ^ except the 
orbits of Juno and Pallas. They are kept in their orbits 
by the (projectile force ^iven at theu* formation by the 
Creator, and the constant force of gravity, or the Sun's 
attraction. Let A, a planet, [Plate vi. Fig. 1,] be pro- 
jected along the line ABC, meeting with no resistance, 
it would forever retain the same velocity^ and the same 
direction. The force^ which would carry it from A to B 
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in a given time, would, in an equal time, carry it from 
B to C, and fix)m C to D. But if, at B, it fall into the 
attraction of S, the Sun, which should so balance the 
projectile force as to carry it to £, at the same time that 
It would, by its former motion, have arrived at C, the 
planet would now revolve in a circle, B E F. But 
should the attraction of S be more powerful in propor- 
tion to the projectile force, it might bring the planet to G 
instead of E, or, being stronger, might carry it nearer 
the line B S, in any given proportion. If carried to G, 
it would revolve in the ellipse B G H. Before it ar- 
rives at G, and for some distance after, the lines of mo- 
tion, caused by the projectile and centripetal forces, form 
an acute angle. The two powers, then, augment the 
motion caused by each other ; and, attraction increasing 
as the squares of the distances decrease, the motion of 
the planet would be accelerated all the way from B to 
H. At H, it would be nearer the centre of attraction 
than at B, by twice the eccentricity of its orbit, and, be- 
ing much more powerfully attracted, would be drawn to 
S, were not the projectile force also increased. This 
would now be so augmented, that it would carry the 
planet from H to I in the same time that attraction would 
bring it to S. It would then be found at L, and. proceed 
to B, completing the revolution. In passing from F to 
B, the planet would be as much retarded in its motion 
by eravity, as accelerated in its motion from B to F. 

Thus it appears " that bodies will move in all kinds 
of ellipses, whether long or short, if the spaces they 
move in be void of resistance. Only those which move 
in the longer ellipses, have so much the less projectile 
force impressed upon them, in the higher parts of their 
orbits." Gravity in one part of an orbit becomes pro- 
jectile forceSn another. What is gravity at B is projec- 
tile force at M. It operates principally by oblique 
action. This is immensely increased all the way from 
BtoM. 

A double projectile force will always balance a (quad- 
ruple power of gravity.'', The projectile force is greater"^^ 
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in proporti(»i to the centripetal, as the orbit is larger in 
which the planet moves. In the annual revolution of 
the Earth, if an angle of one degree be taken at the 
centre, the projectile force is to the centripetal about as 
103 to 1. The disproportion is still greater in the or- 
bits of the superior planets ; greatest in that of Her- 
schel. 

The solar attraction at Herschel is 3,240,000,000,- 
000,000,000 times less than it is one mile from the 
Sun. To us It is inconceivable, that such a diminished 
attraction can have any perceptible effect at the Geor-^ 
gium Sidus. It must, however, be remembered^ that 
the. planets move without resistance in an empty void. 
That bodies, balanced as they are, can be moved by a 
very small force, cannot be doubted. Attraction with* 
drawn, we know not but Archimedes could havefenade 
good his assertion^ by the force of his hand. That 
bodies so immense, however, and so immensely distant 
from each other, should all revolve in- perfect harmony, 
may well excite the admiration of limited mortals ; but 
must be infinitely easy t<| Almighty PoweJ^ that, at the 
creation, " spake y and it was done,*^ 

How is matter in itself? If a body be put in motion by an im- 
poise, how would it pass ? Of what is circular or elliptical motion 
the effect P In what figures do the planets move ? How are the^ 
kept in their orbits ? What does gravity in one part of an orbit 
become in another .^ V^hat will a £>uble projectile force balance ? 
Does the proportion of the projectile force increase as the orbit is 
larger ? In what orbit is the proportion of the projectile force 

Seatest ? . Can the solar attraction have any perceptible effect at 
erschel? If attraction were withdrawn, what is it possible 
Archimedes could have done ? What power keeps the orbits duly 
balanced ? 

* '< Give me where I mav stand, and I will move the Earth.'* 
This was applied bv the celebrated Syracusan to the mechanical 
force of the lever, but may be true in respect to the movement 
of the planets in empty void. 

7# 
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CHAPTER ffl. 

Prospect of the Heavens, as seen from different Parts 

of the Solar System. 

Section I. Prospect at the Sun, 

I At the centre ^nly can a just view be had of the 
solar system. Stationed there, a spectator would see 
all the primary planets moving in harmonious order") 
&oni west to eas^ He niight take the periodical time 
of one, perhaps 'Mercury/ by which to measure the 
revolutions of the /est. From (their periodical limes') 
and /apparent diametersl he might form some conjec- 
ture of their distances and magnitude. As all do not 
move in the same orbits, their paths would appear to 
cross each other at very small angles. The orbits be- 
ing elliptical, but the line from any planet to the spec- 
tator passing equal areas in equal times, the spaces 
measured by such planet in a given time, would {^ap- 
pear unequal^ Some variation in the diameter of each 
planet would also be apparent. The fixed stars would 
appearf equally distant, and all at rest. ^ 

Where only can a just view be had of the solar system ? Sta- 
tioned at the Sun, how would a spectator see the primary planets 
move ? By the periodical time of what planet might he measure 
the revolutions of the rest ? From what could he form a conjec- 
ture of the distances and majgpiitude of the planets ? Would the 
spaces measured by a planet in a given time appear eaual ? How 
would the fixed stars appear ? 



Section II. Prospect at Mercury. 

'A different view would be presented at Mercury, 
A spectator at this planet being, by the whole diameter 
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of Mercury's orbit, nearer to the other planets at some 
times than at other times^jtheir diameters would appear 
to vary inversely as their distances.) To such a specta- 
tor! Venus and the Earth would appear superior planets.^ 
These, and aU the planets Tardier distant, would have 
/ conjunctions and oppositions.^ Their motions would ap- 
pear sometimes/ direct, sometimes retrograde.) They 
would seem stationary at intervals. If Mercury have 
not a rotation on his axis, a succession of day and nicht 
would scarcely be suggested to such a spectator. He 
might, however, observe the diurnal rotation of the other 
planets. 

Why would the diameter of the planets aeem to vary at Mercu- 
ry P In what proportion would they seem to vary ? Would the 
other planets at Mercury appear to be superior, or inferior ? Would 
they appear to have conjunctions only, or conjunctions and oppo- 
sitions ? How would their motions appear ? 



Section III. Prospect at the Earth, 

The prospect at the Earth ^s best known to its bhab- 
itants. The (inferior planets have two conjunctions; 
in every synodical revolution ; the ^superior plfinets' 
have conjunctions and oppositions in succession!) The 
planets seem to enlarge or diminish|^as they are nearer 
or farther distant "^ The(jnferior planets^ by the position 
of their illuminated sides, assume all the phases of the 
Moon. By the rotation of the Earth on its axis, the 
Sun, the planets, and the fixed stars, appear to have a 
diurnal revolution from east to west. 

Where is the prospect of the solar system best known to the in- 
habitants of the Earth ? What planets appear to hare conjunctions: 
only, and what conjunctions and oppositions ? Why do the planets 
appear larger at some times than at others ? Whicn of the planetsf 
exhibit the phases of the Moon ? 
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Sscnoir IV. Prospect at Jupiter. 

t 

i To beings like ourselves, with ejes unassisted by 
glasses, it can scarcely be known, at Jnpiter, that there 
are inferior planets, j fThe greatest ekxigation of the 
Earth would not exceed 11^ 11^; that of Mars, 17^ 
13^.1 By means of' equatorial telescopes, however, 
planets may be seen extremely near the Sun. 

Can it be known at Jnjpttr that there are inferior planets ? At 
Jnpiter what would be the greatest elongation of the Earth and 
Mars ? Bj what means can planets be seen rery near the Sun ? 



Section V. Prospet^ at Herschd, 

An inh^itant of this Earth, transported to Herschel, 
would almost lose sight of the solar system. To him 
the Earth could never appear more than 3° 2' from the 
Sun ; Mars, 4° 38'; Jupiter, 15^ 48'. Of these, with- 
out the assistance of glasses, he would not be likely to 
have a view, nor to have any knowledge, unless he had 
been an astronomer in this world. This, however, may 
/ depend on circumstances^'' particularly the atmosphere of 
Herschel. } But Saturn, having his greatest elongation 
30°, might often be seen exhibiting, his ring excepted, 
all the phases of the Moon. To such an inhabitant, 
however, Saturn might not be the only planet visible. 
We know not but there may be planets in the system 
still farther distant from the Sun, well known to the in- 
habitants of the Georgium Sidus ; for Almighty Power is 
not bounded by our limited view. 

If an inhabitant of this Earth were transported to Herschel, could 
he have a view of the solar system ? To him, how far would the 
Earth and the other planets appear from the Sun ? May it he that 
the inhabitants of Herschel see other planets unknown to us ? 
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CHAPTER IV. 



Comets. 



The term comet is derived from the 'Latin cometa,/ 
This is a derivative from coma, a head or lock of hair. 
The original is a Greek primitive, comee^ hair. WUhout 
doubt, comets are so called ^rom the train or tail Jthey 
exhibit when in the vicinity of the Sun. 
f Comets are large heavenly bodies, moving round the 
Sun^in various directions, and in orbits very eccentric. 
They seem to come from^some far distant region, 
make a short circuit round the Sun, and then retire 
to their unknown bounds By the unlearned, they are 
often called/ J/a^ring* starsy^ It is not strange, if, as has 
been represented, in the days of barbarism and super- 
stition, comets were considered portentous ; if they 
were regarded as the harbingers of war, famine, and 
pestilence ; if they presented to the frighted imagina- 
tions of men the convulsions of states, the dethrone- 
ment of princes, and the fall of empires. Even among 
the ancients, however, men of science regarded them 
in a very different light. Such men so far observed 
the motions of comets, as to form ideas of them in 
some measure consonant to modem philosophy. By 
the Chaldeans, they were considered as planets ; and 
such they were regarded by the Pythagorean philoso- 
phers of Italy. 

Astronomers of the present day view cometanot only 
as harmless, but designed, by the all-wise Creator, for 
benevolent and important purposes ; Ithough most of 
those purposes must be unknown to us, or deduced by 
reasoning from analogy. 

There is a great diversity in comets. When viewed 
through a good telescope, a comet generally resembles a 
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raass of aqueous vapor surrounding a dark nucleus."^ 
The shades of appearance are very di£^rent in differ- 
ent comets. Even the nucleus seems wanting in some. 
Comets of this kind were observed bj Dr. Herschel ; 
some by the sister of that astronomer. Approaching 
the Suviy the nebulous light of a comet becomes more 
brilliant, and its luminous train increases in length 
At the perihelion its heat is greatest, and the 'length of 
its train the most extensive. Here the comet some- 
limes shines with all the splendor of Venus. Its bril- 
liancy decreases as it retires from the perihelion, till it 
reassumes its nebulous appearance. " History records," 
says Dr. Rees, " that some comets have appeared fas 
large as the Sun.\ One of this magnitude is said to 
have been visible at Rome in the reign of Nero. " The 
astronomer Hevelius also observed a comet, in 1652, 
which, did not appear to be less than the Moon, though 
it was deficient in splendor, having a pale, dim light, and 
exhibiting a dismal aspect." — WilJcins*s Astronomy. 

The number of comets which have been seen within 
the limits of the solar system is not known. It has been 
stated at from 350 to 500. 

Some comets have approached fearer to the Sun 
tlian any of the planets.^ Of ninety-eight, whose ele- 
ments have been computed, twenty-four passed be- 
tween the Sun and the orbit of Mercury ; thirty-three 
between the orbits of Mercury and Venus ; twenty-one 
between the orbits of Venus and the Earth ; sixteen 
between the orbits of the Earth and Mars ; three be- 
tween the orbits of Mars and Ceres ; and one between 
the orbits of Ceres and Jupiter. 

The tails of comets sometimes occupy an inmiense 
space. The comet of 1681 stretched its tail across 
1040 ; that of 1769 subtended an angle of 60° at Paris, 
70° at Boulogne, 97^ at the Isle of Bourbon. 

By some, the tails of comets have been considered 

I the rays of the Sun, .transmitted through the nucleus of 

the comet, b^lievea to be tiranspare^t like a lens. 
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This was the opinion of Appian, Cardan, and Ty- 
cho Brahe. Kepler thought the tail was formed by 
the solar rays driving away the denser parts of the 
comet's atmosphere. Euler thinks there is a great af- 
finity between the aurora borealis, the zodiacal light, 
and these tails ; smd that the cause of them all is the ac- 
tion of the Sun's light on the atmosphere of the Earth, 
the Sun, and the comets. 

The hypothesis of |Dr. Hamilton, )/ff Dublin, deserves 
particular consideration.' He supposes the taik of 
comets to be streams of electrical light. The doctor sup- 
ports his opinion by these arguments : *' A spectator at 
a distance from the Earth would see the aurora borealis 
in the form of a tail, .opposite to the Sun, as the tail of 
a comet lies. The aurora borealis has no effect upon 
the stars seen through it, nor has the tail of a comet. 
The atmosphere is known to abound with electric 
matter ; and the appearance of the electric matter in 
vacuo resembfes exactly that of the aurora borealis, 
which, from its great altitude, may be considered in as 
perfect a vacuum as we can make. The electric mat- 
ter in vacuo, suffers the rays of light to pass through 
without being affected by them. The tail of a comet 
does not expand itself sideways, nor does the elec- 
tric matter. Hence he supposes the tails of comets, 
the aurora boreaHs, and the electric fluid, to be the 
same kind of matter." It may be added, in confirma- 
tion of this hypothesis, that many astronomers have ob- 
served an undulatory motion in the tails of comets, 
similar to what is sometimes seen in the aurora borealis. 
About the close of the revolutionary war, the aurora 
borealis was most extensive and brilliant in the United 
States. This, with vast undulations, covered the whole 
northern half of the hemisphere, collecting into a 
beautiful centre in the zenith. To a spectator on a 
distant planet, this might give the Earth an appearance 
resembling, in some measure, the blazing eflulgence 
of a comet. 
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From what is the term eonut deriTed? Why are comets so 
called ? What are comets ? Whence do they seem to come, and 
what to do ? How have they been considered by the unlearned ? 
Had axw of the ancients just views of comets ? now do astrono- 
mers of the present day view them? What is the general appear- 
ance of comets ? Is there much variety in their appearance ? 
How large have some comets appeared? What number of 
comets has been seen within the solar system? How near the 
Sun have some comets approached ? How large a space have 
the tails of some comets occupied ? What have teen the different 
J opinions of authors respecting the tails of comets? Whose 

opinion seems best supported f Ma^ the Earth ever have had the 
appearance of a comet? When did the aurora borealis appear 
most brilliant in the United States ? 



CHAPTER V. 

Equation of Time, 

Though the apparent motion of the Sun has been 
used as a measure of time from the greatest antiquity, 
yet accurate observation has shown it is far fix>m being 
uniform. The Sun is either faster or slower than a 
well-regulated clock or watch, during most of the year. 
I At four times only do they coincide, viz. the 14th of 
April, the 15th of June, the 31st of August, and the 
23d of DecemberT^ From the 14th of April to the 
15th of June, the Sun is fast of clock ; from the 15th 
of June to th^ 31st of August, it is slow of clock ; from 
the 31st of August to the 23d of December, it is fast 
of clock ; from this time to the 14th of April, it is 
slow of clock. From the difference of longitude, the^ 
days (^ coincidence are not all the same in the United 
States as in Europe. About the (1st of November) the 
Sun is 16 m. 14 or 15 s. fast of clock. This is the 
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greatest inequality. The difference is caused hj the 
/elliptical figure of the Earth's orbit, ^nd the obliquity o( 
the equator to the plane of the ecliptic. 

The orbit of the Earth being elliptical^ like the other 
planetary orbits, with the Sun in one of the foci, the 
Earth, in its annual revolution J moves more slowly in 
the aphelion than in the perihelibnj as has been before 
shown. But, the motion on its axis being perfectly 
uniform, any given meridian will come round to the 
Sun sooner at the aphelion than at the perihelion. 
Hence the solar day will be shorter at the former, and 
longer at the latter, than that measured by an accurate 
time-keeper. 

Let S be the Sun, [Plate v. Fig. 8,] E the Earth ; 
AMP the Earth's orbit ; A the aphelion, P the peri- 
helion ; the line M S the mean proportional between 
the semi-axes of the orbit ; m a point in the equator rep- 
resented by the external circle of the Earth, E. Let 
the spaces j1 S a^ M S n^ P S p, represent equal 
areas of the orbit The arches of tnese, by the great 
law of Kepler, represent the Earth's motion in equal 
times, as a solar day. It is evident that the point m, 
when the Earth is at a, at n, or at p, must pass from m 
to the line E S to complete a solar day. It is also 
evident, that it must pass farther when the Earth is at 
p than when it is at a, the distance at n being a mean 
between the extremes. A day, therefore, measured 
by the Sun, will agree with that shown by a eood time- 
keeper when the Eai'th is at M, At A it will be 
shorter, and at P longer, than the true day of the 
clock. 

By this equation the Sun would be faster than the 
clock, while the Earth is passing from the aphelion to 
the perihelion of its orbit ; slower than the clock, while 
the Earth is passing from the perihelion to the aphelion. 
At either apsis the Sun and clock would coincide. The 
difference between the Sun and clock would increase, 
while the Earth is passing firom the aphelion or perihe- 
8 
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lion to the mean distance between them, and decrease 
while it is passing to the other apsis. The greatest dif- 
ference arising from this equation b 7' 43'^ The Earth 
being in the aphelion on the first or second day of July, 
in the present century, and in the perihelion on the last 
day of December, or the first day of January, the equa- 
tion is nothing in those days. 

A still greater inequality, in the measure of time, is 
produced by the obliquity of the equator to the plane of 
the ecliptic. The vernal equinox happens about the 
^Ist of March; the autumnal, the 23d of September; 
the summer solstice, about the 21st of June ; the winter, 
the 22d of December. From either equinox to the 
succeeding solstice, the Sun, on account of the obliquity, 
would be faster than the clock. From a solstice to an 
equinox, it would be slower than the clock. When 
greatest, this equation is about 9' 64'^ 

To render this familiar, let a wire be beiit into a cir- 
cle, to represent the Earth's orbit ; let it be marked into 
equal spaces or arches, to show the daily motion of the 
Earth in its orbit. It is not essential that these spaces 
or arches should be degrees, or exacdy so far as the 
Earth moves in a day, but any convenient distance. In 
or near the centre of the wire, let a lamp be suspended, 
in the middle of a large room or hall, to represent the 
Sun. Let a smaU globe be holden at a distance from 
the floor equal to that of the lamp, and on the west 
sideof it, the axis perpendicular to the floor. Keep- 
ing the globe in this position, let it be moved upwards, 
and turned on its axis so as to perform one rotation in 
the time of its moving one space on the wire or sup- 
posed orbit. Both motions being kept equable, and the 
globe being moved completely round the lamp, it wfll 
be found 'that any meridian of the globe will perform 
a revolution, and corpe round to the lamp in the same 
time that the globe moves one arch of the wire, in all 
parts of it, except two points, when it is direcdy over 
and directly under the lamp. In those points, a meridi- 
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an must move once and a half round, in order to come 
to the lamp. The motion of the globe from one 
mark to another on the wire, may represent a solar 
or natural day ; a rotation on the axis, the sidereal 
day ; the two pomts where the globe must be turned 
once and a half round, the summer and winter sol- 
stices. Were the axis of the Earth in the position in 
which that of the globe is supposed, it would cobcide 
withr the plane of the ecliptic, and the solar and side- 
real days would be equal throughout the year, except 
at the solstitial points, 'where, as in the hypothesis, 
the solar day would be equal to one and a haJUf sidereal 
days. 

Let the axis of the globe be placed perpendicular 
to the plane of the wire, or supposed orbit, carried up, 
and turned round as in the former case. It will be 
found, that a meridian, which was towards the lamp 
at the commencement of a revolution, on the axis of 
the globe, . will not, by being turned once round, be 
brought to the lamp again, but must, in every part of 
the supposed orbit, be turned a litde farther, or more 
than once round, before it will become opposite to the 
lamp. It will also be found, that, if the spaces or 
arches on the wire, or supposed orbit, be marked as 
in the former supposition, and a revolution on the axis 
of the globe be completed in each of these, an addi- 
tional turn will be requisite to bring a meridian round 
to the lamp, and that the differences will be equal in 
the whole revolution round the supposed orbit ; and 
that, if the spaces, in which a revolution on the axis is 
completed, be taken to represent sidereal days, in the 
annual revolution of the Earth, an addition must be 
made to each of these spaces, in order that they may 
represent solar days. 

A still different position of the globe may be con- 
ceived, in which the axis may be placed obliquely to 
the plane of the supposed orbit. In this case, the dif- 
ferences would not be at two points, as in one of the 
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above suppositions, nor equable, as in the other ; but 
longer at those points, and shorter farther distant, the 
less the inclination of the axis to the plane of the sup- 
posed orbit. A position may be taken which would 
be a true representation of the Earth in its different 
motions. In such a position, the axis of the globe 
would be inclined to the axis of its supposed orbit in 
an angle of about 23° 28'. From this, it would ap- 
pear, that the differences of the days are not wholly at 
the solstices, nor equable throughout the annual revolu- 
tion, but are longer at the solstices, and shorter at the 
equinoxes, than the true solar days. 

The common mode of explaining this equation by a 
supposed real and fictitious Sun, is on the pnnciple of 
the Ptolemaic system, and gives no consistent idea con-, 
cemlng the cause of this equation. 

The following table shows the drference between a 
true time«keeper and the Sun for every da^ in the 
year. To prevent an error from bissextile, it is cal- 
culated for four years. Altered from European ta- 
bles, it corresponds to the time at Washington, and 
will answer, without essential error, in any part of the 
United States. 

Is the apparent motion of the Sun an exact measure of time ? 
At how many times in a year does the Sun coincide with a goo^ 
clock in the measure of time P What are those times P When is 
the Sun fast and when slow of the clock P At what time is the 

greatest difference hetween the Sun and the clock P How much is 
le difference fV What causes the difference between the Sun and 
a well-regulated clock P How do jou account for the equation aris- 
ing from the elliptical figure of the Earth's orbit 1 By this equa- 
tion, when would the Sun be faster and when slower than a clock ? 
What is the greatest difference arising from this equation P When 
is the Earth m the aphelion and when in the perihelion of its orbit P 
When is the vernal and when the autumnal equinox P When is 
the summer and when the winter solstice P When, on account of 
the obliquity of the equator to the ecliptic, would the Sun be faster 
and when slower than the clock P What is the greatest equation 
arising from this cause P How can you, by a familiar representation, 
explain the principles on which this equation is founded P What 
objection can be made to the common mode of explaining this 
equation P 
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CHAPTER VI. 

The Ifarvest Moon. 

The Moon moves in her orbit ll 3^ 10' 25'^ I'm each 
solar day of 24" hours. But as the motion of the Earth 
in the ecliptic^ at the same time, is 69' 8'', the apparent 
motion of the Sun, the excess of her motion over that 
of the Earth, or the Sun's apparent motion, is/ 12^ IV 
27''.j A meridian of the Earthy in its diurnal rotation, 
moves this in 48' 38" of time. But, the Moon at the 
same time moving forw^xd, the meridian will not over- 
take her till 50' 28". The Moon rises at the equator, 
therefore, about/ 50' 28")later on each succeeding day, 
than it did on the preceding, at all seasons of the year. 
But the case is very di^rent in high latitudes. Far- 
mers in those latitudes have long observedAhe early ris- 
ing of the autumnal full moon.") ^^ In this instance," 
says Mr. Ferguson, " as in many others, discoverable 
by astronomy, the wisdom and beneficence of the Dei- 
ty are conspicuous, wha ordered the Moon so as to be- 
stow more or less light on ail parts of the Earth, as 
their several circumstances and seasons render it more 
or less serviceable. About the equator, where there 
is no variety of seasons, and the weather changes sel- 
dom, and at stated times, moonlight is not necessary 
for gathering in the produce of the ground ; and there 
the Moon rises about 50 minutes later every day or 
night than on the former, In considerable distances 
from the equator, where the weather and seasons are 
more uncertain, the autumnal full Moons rise very soon 
after sunset for several evenings together. At the po- 
lar circles, where die mild season b of short duration, 
the autumnal fuUf Moon rises at sunset ]irom die first 
to the third quarter." 

The horizon of any place forms angles with the plane 
9 
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g[ the Moon's orbit, differing from each other at dif^ 
ferent parts of the day, and at different seasons of the 
year. From the |yaried position of these circle^ arise 
the phenomena of the harvest Moon. About the (23d 
of September^ when the Sun enters Libra, the Earth 
enters Aries. At any place in north latitude, the angle 
between the horizon and the Moon's orbit is less, at that 
season of the year, about the time of sunset, than at 
any other time of the day. The full Moon, about the 
autumnal equinox, being in that part of her orbit op- 
posite the Sun, must rise at this angle in latitudes below 
the Arctic circle. The angle decreases from the equa- 
tor to this circle, where it vanishes. While the Moon 
remains in this part of her orbit, in all places where the 
angle is small, her diurnal motion will make but little va- 
riation in the time of day when she rises, on each suc- 
ceeding evening. 

To illustrate the phenomena of the harvest Moon, 
/put small pieces of paper on the ecliptic of a terrestrial | 
globe, on each side of the first degree of Aries, at 12^ 
11' 27^' from each other, representmg the Moon's diur- 
nal motion from the Sun ; rectify the globe for the lati- 
tude of the place, suppose 45^. With the number of 
papers or pieces of paper corresponding to the days of 
a week/ bring the westernmost to the eastern horizon ;\ 
set the index of the hour circle at the time of the 
Moon's rising, on the evening nearest to three and a half 
days before her arrival at the first degree of Aries. 
Turn the globe westward, which will be the same in 
effect as the rotation of the horizon eastward in respect 
to the Moon, till the second paper is brought to the 
horizon ; the index will point to the time of the Moon's 
rising on the succeeding evening. Bring in succession 
the papers to the horizon ; the index vrill show the time 
of the Moon's rising on the succeeding days of the 
week. The inclination of the Moon's orbit to the 
plane of the ecliptic will not materially affect this rep- 
resentation. 

When the fiiU happens at the equinox, the Moon ar- 
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rives at the first of Aries at that time. But when the 
fall nearest the equinox happens any number of days 
before or after the 23d of September, her distance from 
that point at the full may be obtained with sufficient 
nearness, by taking a degree for each day between the 
full and the equinox, rejecting odd minutes both of time 
and motion. Compute the time of her arrival by her 
motion from the Sun. It will be found that the Moon is 
rarely more than one day's motion from the first of Aries 
at the time of the equinoctial full. 

If the index be set at 12, when the first paper is 
brought to the horizon, and the other papers be brought 
in succession to that circle, the difference of time, when 
the Moon rises on the several nights, may be seen on the 
hour circle. 

A haove natural representation of the harvest Moon 
may be made by an artificial globe taken from the 
frame. Let a candle be placed on a stand, to represent 
the Sun. On a level with the candle, and a littie dis- 
tance to the west of it, let the globe be holden, the north 
pole so elevated as to form an angle of 23^ 28' with 
the horizon. Let a small taper be placed under the 
globe, to represent the Moon at her first quarter. Car- 
ried to the west of the globe, the taper may represent 
her at the full in Aries. Over the globe, it will show 
her situation at her last quarter. By turning the globe 
round, and observing when any place, as Washington, 
comes into the light of the taper in its different situa- 
tions, the appearance of the Moon rising at that place 
may be represented. If, in its western position, the ta- 
per be moved slowly and circularly up, so that the 
arch moved may subtend an angle of 12}^ at the globe, 
while the globe itself is turned once round on its axis, 
and continued in this manner for several rotations, near- 
ly an exact resemblance of the harvest Moon may be 
presented. 

When the Moon rises with the least angle, she sets 
with the greatest ; tod when she rises with the great- 
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est, she sets with the least. In other words, when the 
time of day, in which she rises for successive evenings, 
differs the least, the time of day in which she sets 
differs the most. At the full, the time of rising on 
successive evenings^ di^rs most about the vernal 
equinox. 

In every revolution, die Moon passes through the 
same signs; but, except in autumn, her rising with the 
least angle or difference of time, always about the first 
of Aries, is seldom observed. She enters Aries, in 
winter, about the first quarter, and, rising about midday, 
attracts no particular notice ; about the change in spring, 
when, from nearness to the Sun, she is not visible ; in 
summer, about the last quarter, and rbing at or near 
midnight, is seldom observed. 

The statement of Mr. Ferguson^ respecting the rising 
of the Moon at the polar circles, is not strictly true. 
From the first quarter, when she rises about. sunset at 
those circles, to nearly the last quarter, the Moon rises 
Sm. 56 s. eai'lier in the day on each succeeding evening. 

The Moon is seldom full exactly at the equinox. 
When it is not, the fulls immediately before and after 
that time, exhibit phenomena resembling the equinoc- 
tial full. The nearer any full is to the equinox, the 
more resemblance it bears to the harvest Moon ; the 
nearest being generally so denominated, whether it hap- 
pen before or after the equinox. 

The same phenomena are exhibited by the Moon in 
south latitudes, but at opposite times of the year ; the au- 
tumnal equinox of south latitude being coincident with 
the vernal of the north. 

The circumstances of the harvest Moon are in some 
measure affected by the inclination of the Moon's orbit 
to the ecliptic. This inclination is about 5^ 9'. Mov- 
ing backward, her nodes perform a revolution in about 
18 y. 224 d. The harvest Moon is most beneficial 
dunng half of this time ; least beneficial during the 
other half; most, when her ascending node is in the first 
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degree of Aries ; least, when her descendbg pode is in 
that degree. 

The full Moon, in summer, always runs low, but 
much lower in some years than in others. The run- 
ning low seldom attracts particular notice, except when 
she is in that part of her orbit which is south of the eclip- 
tic. The summer full Moon runs the lowest, when her 
latitude south is greatest ; or she is 90^ from her nodes. 
When the Moon is north of the ecliptic, she runs high 
at the winter fulls ; highest, when she is farthest north, 
or 90^ from her nodes. The full Moons of summer 
not only run low, but continue a short time above 
the horizon. But this is at the time when the length of 
the days makes moonlight of little utility. On the 
contrary, the full Moons of winter not only run high, 
but continue long above the horizon. ^This is at die 
season when the light of the Moon is peculiarly useful, 
guiding and cheering the lonely traveller in the dreary 
and protracted nights. 

At the poles, the full Moon, being below the horizon, 
is not seen for nearly half the year. This is in sum- 
mer, when, were the Moon to shine, her light, immerg- 
ed in the continued splendor of the Sun, would be of 
no use. In winter, when, at the benighted polar re- 
gions, the light of the Moon is most beneficial, she 
shines from about the first to the third quarter. What 
claim can he have to rational being, who' does not ad- 
mire and adore die wisdom and benevolence of Him, 
who not only ^^ gave the Sun for a li^ht by day^^ but 
" the Moon and Stars for a light by night /" 

The years, when the harvest Moon is least, and 
when most beneficial, may be seen in the following ta- 
ble. L. stands over the columns least beneficial ; M. 
over those most beneficial. In both the colunms mark- 
ed N., the harvest Moon is farthest north in the orbit ; in 
those marked S., it is farthest south. 

9* 
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1885 


1811 
1830 
1849 
1867 
1886 


1812 
1831 
1850 
1868 
1887 


1813 
1«« 
1851 
186^ 

1888 


1814 
1833 
1852 
1870 

1889 


1815 



Years most beneficial. 



s. 








M. 










N. 


1816 
1834 
1853 
1871 
1890 


1817 
1835 
1654 
1872 
1891 


1818 
1836 
1855 
1873 
1892 


1819 


1801 
1820 


1802|l803 


1804 


1805 


1843 

1880 


1821 
ia'{9 
1858 
1876 
1895 


1822 
1840 
1859 
1877 
1896 


1823 


1824 


1837 


1838 


1841 
1860 

1878 
1897 


1842 
1861 
1879 
1898 


1856 
1874 
1893 


1857 
1875 
1894 



How far does the Moon move in a solar day ? How much does 
the motion ot the Moon exceed the apparent motion of the Sun ? 
At the equator, what is the difference in the time when the Moon 
Eises on each succeeding night ? In high latitudes, what have farm- 



ers observed respecting the risin? of the autumnal full Moon? 
What is there remarkable in the Moon's rising at the polar circles ? 
From what arise the phenomena of the harvest Moon P When is the 
harvest Moon ? How would you illustrate the phenomena of the 
harvest Moon ? What would ^ve a verv natural representation ot 
this peculiarity in the Moon's rising ? When there is the least dif- 
ference in the time of the Moon's rising, how is her setting ? As 
the Moon passes thrpugh the same signs in every revolution, why 
are not the phenomena of the harvest Moon observed at other sea- 
sons besides autumn ? Why is not the statement of Mr. Ferguson 
respecting the Moon's rising at the polar oircles, strictlv true? 
When the Moon is not full exactly at the equinox, what fulls are 
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taken for the hanrest Moon f When have the inhabitants of eouth 
latitude the phenomena of the harvest Moon ? Does the inclination 
of the Moon's orbit to the ecliptic affect the phenomena of the har- 
vest Moon ? Is the motion of the Moon's nodes direct or retrograde ? 
How long are the^ in performing a revolution ? During what part 
of the time of their revolution is the harvest Moon most beneficial, 
and what part least beneficial ? When does the full Moon run low ? 
In what jpart of her orbit does it run lowest ? How are the full 
Moons of^ winter ? When do they run highest? Is the regulation 
of the high and low fulls calculated for our benefit ? How long does 
.the Moon shine in winter in the polar regions ? Do the wisdom and 
benevolence of the Deity appear in the regulations of the Moon ? 



CHAPTER VII. 



The Tides. 



^The tides are the alternate ebbing and flowing of the 
sea. \ They are imperceptible in the midst of the ocean, 
and can only be known /by the rising of the water on the 
adjacent land, or where "the depth of water will admit of 
sounding. 1 

/ Kepler Jwas the first who discovered the true cause 
oi the tides, and that the attraction of the Sun and 
Moon produced the constant flux and reflux of the wa- 
ter. But, a " hint being given, the immortal (Sir Isaac 
Newton ) improved it, and wrote so amply on Nhe sub- 
ject, as^to make the theory of tbe tides in a manner 
quite his own, by discovering the cause of their rising 
on the side of the Earth opposite to the Moon. For 
Kepler believed that the presence of the Moon oc- 
casioned an impulse, which caused another in her 
absence." 

The attraction of the Moon is the priocipal cause of 
the tides ; but the attraction of the Sun operates to in- 
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crease or diminish the height or depression of the wa- 
ter occasioned by the? lunar attraction. But, were ev- 
ery part of tlie Earth equally attracted by the heaven- 
ly bodieSj^o tide could be produced. )The unequal 
attraction, or the attraction of one part of the terra- 
queous globe more forcibly than the other, may be con- 
sidered as the true cause of the tides. The force of 
attraction in any body decreases, as the squares of the 
distances from that body increase. Hence the farther 
distant any body is from the centre of attraction, the 
less the operation on that body. The water, therefore, 
on the side of the Earth next to the Moon, is more for- 
cibly attracted than the body of the Earth, and the body 
of the Earth than the water on the opposite side. Sup- 
pose three particles of matter, one on the surface of 
the Earth next to the Mocxi, one at the centre c^ the 
Earth, and one on the surface opposite to the Moon. 
By the laws of gravitation, the particle nearesjt to the 
Moon would be more attracted by her, than that at 
the centre, and that at the centre more attracted than 
the particle on the opposite side. By the unequal 
attractions, the distances between these particles would 
be increased. One would be elevated from the cen- 
tre, and the centre particle would be drawn from that 
on the side opposite to the Moon, amounting to the 
same thing as if the opposite particle were elevated. 
For, when the distance between the centre of the Earth 
and a particle at the surface is increased, the particle 
will appear raised from the surface. We take notice of 
a tide, because the water rises on the adjacent land. 
This will be the case when the distance between the 
surface of the water and the centre of the Earth is in- 
creased, whether the water be elevated from the Earth, 
or the Earth be withdrawn from the water. No more 
difficulty, therefore, arises in accounting for the tide on 
the side of the Earth opposite the Moon, than for that 
on the surface nearest to her, both being the eflfect of 
unequal attraction. 

The points directly under and opposite to the Moon, 



THE TIDES. 105 

may be considered as the centres of highest elevation; 
and 90^ from these, or half the distance between them, 
as the circle of low water. Tliis extends wholly round 
the Earth, and moves as the Moon moves. 

Let N E O E be the Earth, (Plate vi. Fig. 3,) C 
the centre ; M the Moon ; N the point on the Earth's 
surface next to the Moon ; O a point on the opposite 
surface ; E E the circle of low water. The attraction 
of the Moon, M, being unequal at the different parts, 
from the circle £ E, the water on die side next to the 
Moon is more attracted than the centre, C, where the 
solid body of the Ekurth may be coasidered as concen- 
trated ^ and the centre, C, more attracted than the wa- 
ter on the opposite side. The water, therefore, will 
rise at N, increasing the distance from the centre, C. 
On the same principle, C, the centre, and with it the 
mass of the Earth, wiV be attracted from the surface at 
O, enlarging the ^an^^, and leaving the water, ^diich, 
being farther from the centre, is higher to the observer ; 
high and low, in respect to the Earth, always relating to 
the distance from the centre. 

Some have accounted for the tide on the side of 
the Earth opposite to the. Moon/by the motion of the 
Earth and Moon round a comm^ centre.) In the rev- 
olution of these bodies, the side of the Earth farthest 
distant from the Moon must have a swifter motion 
than the side nearest to her. The water, endeavoring 
to escape, must rise towards the highest part, the 
point opposite to the Moon. Some e&ct may be at- 
tributed to this ; but, without doubt^ the unequsd attrac- 
tion is the principal cause. 

' The tides, travelling as the Moon travels|(have her 
declinationVand the declination opposite. As the Moon 
revolves round the Earth, they revolve, following her in 
her perpetual motion. Below the polar circles, there- 
fore, every place, in its diurnal rotation, must have two 
tides in about ^4 h. 50 m. 28s.^ 

When the Moon is in the equator, the circle of low 
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water, ^0^/ distant, must extend fromjpole to pole. | Ev- 
ery place, from the equator to the poles, must have its 
regular return of tides ; and these, uninfluenced by ex- 
traneous causes, must return at equal intervals. 
"^As the Moon moves from the equator towards either 
tropic^ the circle of low water recedes from the poles to- 
wards the polar circles, arriving at these when she ar- 
rives at the tropics. I (Plate vi. Fig. 4 and 6.) 

This departure of the Moon from the equator must 
make flood tide at the poles, increasing as her declina- 
tion increases, and highest when she is farthest dis- 
tant from the equator. On her return, the tides ebb at 
the poles ; where it becomes low water, \vhen she 
arrives at the equinoctial. In a revolution of the Moon, 
therefore,hwo tides lonly occur at the j)oles, full sea re- 
turning all intervals of about [13f days J During the inter- 
val in which the circle of low water is distant from the 
poles, places in any , parallel, touching /the highest poiat 
of that circle^j^have but one tide, in a revolution from the 
Moon round to the Moon again. Places between that 
circle and the poles, in the same time, have but one^ and 
that a partial tide ; while all below its highest point have 
two tides in succession. 

At the equator, the intervals between high and low 
water, or between a tide and a succeeding tide, re- 
main equal, whatever may be the declination of the 
Moon. When she is in the'/equatorjthe tides return 
at equal intervals in all latitudes. But when she is 
in any degree of declination, places on each side of the 
equator, cutting the circle of low water in their diurnal 
rotation, or which are below the highest point of ebb 
tide/have unequal duration of ebb and flood, or of time 
between high and low wateid in different parts of the lunar 
day ; the farther distant from the equator, the more une- 
qual the returns. 

The Moon being in her north declination, places in 
the northern hemisphere have their highest tides when 
she is above the horizon, (Plate vi. Fig. 5 ;) but when 
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she is In south declination, the opposite tides the highest. 
(Plate vi. Fig. 4.) In the southern hemisphere, the 
whole is reversed. 

The tide, as raised by the Moon, is greater on the 
side of the Earth^ext to her^ than that cxi the opposite 
side. The cause of this is apparent. For, as she is 
nearer to that side, th^ semi-diameter of the Earth bears 
the greater proportion to the shorter distance. 

For convenience of explication, the highest tides 
have been considered directly under and opposite the 
Moon. It is, however, learned from observation, that 
the tide is not at its greatest height above or below the 
horizon, till after the Moon has passed the meridian ; 
because^he water, having obtained a direction, contin- 
ues that direction after the Moon has passed, till pre- 
vented by external forccCN Similar occurrences are 
common. I The heat of the day is most intense after 
the Sun has passed the meridian ; and the extreme of 
summer heat is generally not till some time after the 
summer solstice. | 

The tides are in some measure altered by the incli- 
nation of the Moon's orbit to the jplane of the ecliptic. 
Hence the highest elevation of water may at times be 
more than 5° above the tropics ; and the region of sin- 
gle tide reduced as^much below the polar circles. 

The tides, as we have seen, are affected by the in- 
fluence of the Sun. The attraction of the Sun is more 
powerful at the Earth than that of tlie Moon, but has 
less effect in raising tides. 1 The immense distance of 
the Sun from the Earth, causes hjs attraction on the dif- 
ferent parts to be nearly equal ^ the semi-diameter of 
the Earth bearing but a very small proportion to this 
immense distance. The influence of the Sun causes 
the tides to be earlier in thelflrst and third quarters of 
the Moon ; later in her secbnd and fourth. \ In the 
fe)rmer case, the tide of the Moon is preceded by that 
of the Sun ; in the latter, it is succeeded and retarded 
by the elevation of water raised by the Sun. The 
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highest tides! are denominated spring t%de$. These 
happen at th^ Conjunctions and oppositions of the Sub 
and Mooni or at the changes and fulls. (Plate vi. Fig. 6.) 
J^Teap tides, so calledlf are the lowest. These are at the 
quacfratures, or when the Moon is in her quarters. 
(Phie vi. Fig. 7.) The tides happening at the change 
and full, about the equinoxes, are higher than those of 
other seasons, i Both luminaries, being then in the 
equator) have a greater influence upon the Earth, in 
respect to tides, than at other seasons. The equatorial 
diameter of the Earth. being longer than any other, the 
attraction of the Moon and Sun on the different parts of 
the Earth is most disproportioned^ when they are in the 
^ane of the equator, or in the direction of that diameter. 
But the principal cause of unusual height in these tides, 
is, the centre of elevation in the water is at the equator, 
where the diurnal motion of the Earth is the greatest ; 
and the tides, extending iirom pole to pole, are met 
directly by every part of the Earth's surface, in its diur- 
nal rotation. 

The Moon produces a higher tide when she is in 
perigee than when she is in apogee. The Sun also, 
being nearest to the Earth in winter, has his greatest 
influence on the tides at that season. The highest 
tides known are those happening/a little before the 
vernal equinoxy and a little after theautumnal equinox, 
when the Moon is in perigee^ there being then a con- 
currence of all the causes which operate in the pro- 
duction of tides. 

Sn^all seas, unconnected with the ocean and lakes, 
have(not sufiicient extent of waterX for perceptible tides. 
The Baltic and the Mediterranean communicate with 
the ocean ; but are too small in themselves, and have 
straits too narrow to admit an influx of water suflicient 
for tides of any considerable height. 

The regular return of the tides, according to the 
motions of the Moon, is greatly interrupted. Incidents 
external vary the height of the tides, and the time of 
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their return in different places. They ai-e. affected by 
/ straits and shoals, islands and contbents, channels, 
^ winds, and a variety of other causes,)) so that many 
hours intervene between the time of ht^ water at one 
place and at another on the same coast. These may 
be considered exceptions to the general principles in the 
preceding theory. 

The following remarks of Mr. Ferguson may be 
added, as worthy of much consideration : / It is not to 
be doubted, but that the Earth's quick rotation brings 
the poles of the tides nearer to the poles of the world, 
than they wouM be if the Earth were at rest, and the 
Moon revolved about it only once in a month I for, 
otherwise, the tides would be more unequal in their 
heights and times of their return, than we find they 
are. But however the Earth's rotation may bring the 
poles of its axis and those of the tides together, or how 
far the preceding tides may affect those which follow, so 
as to make them keep up nearly to the same heights 
and times of ebbing and flowing, is a problem more fit 
to be solved by observation than by theory." Not- 
withstanding the justness of these observations, it was 
thought every student of philosophic mind would wish 
to know the theory of the tides, as regulated by the in- 
fluence of the great heavenly bodies. 

The air, being a fluid, and extending much higher 
than the water, must be more affected by the unequal 
attraction of the Sun^ and Moon. Surrounding the 
whole Earth, and moving /without obstruction, jit must 
/ have tides more extensive, and generally higner, than 
those of the ocean. "N 

The tides are of* vast utility. They benefit us in 

] agriculture, and assist us in pavigation.\ The agitation 

• they give to the water, together with s&ltness, prevents 

the ocean from becoming a vast reservoir of contagion 

and death. What infinite wisdom and goodness are dis- 

^ played in giving such inconceivable power of benefiting 

us to bodies immensely distant ! 

10 
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What are the tidei ? How do we diacoTer that there are tidea ? 
Who fint diflcovered the troe cacue of the tides ? Who wrote ao 
amply on the tides as to make the theory of them in a measure his 
own r Who first discoTered the tme cause of the tide on the side 
of the Earth opposite to the Moon ? If all parts of the Earth were 
equally attracted by the heavenly bodies, would there be tides.' 
How is it that attraction causes a tide on the side of the Earth oppo- 
site to the Moon ? Will the effect be the same^ if the Earth be 
drawn away from the surface of the water, as it the water were 
drawn up on ihe land ? How far is the circle of low water from 
the points of highest elevation in the tides ? How far does this 
circle extend, and how does it move ? How have some account- 
ed for the tide on the side of the Earth opposite to the Moon ? How 
do the tides travel ? What declination have they ? In what time 
docs every place below the polar circles have two tides ? When 
the Moon is in the equator, to what does the circle of low water 
extend ? How must every place then have its return of tides ? 
When does the circle of low water recede from the poles ? How 
many tides occur at the poles in a revolution of the Moon ? At the 
poles, how long is it between a tide and a succeeding tide P Where 
nave places but one tide in a revolution from the Moon round to 
the Moon again ? Where is the Moon, when the tides return at 
ecjual intervals in all latitudes ? When the Moon is in any degree 
or declination, how do places distant from the equator, but below 
the circle of low water, 'have their return of tides ? When does a 
place in north declination have a higher tide on the side of the Earth 
opposite to the Moon, than on the side next to her ? Why is the 
pomt of highest elevation not directiy under, but after the Moon ? 
What other occurrences are similar to this ? irUie Sun attract the 
Earth more than the Moon, why does it not raise a lufher tide ? 
When does the influence of the Bun cause the tides to oe earlier, 
and when later, than they would be by the attraction of the Moon ? 
What are spring tides ? When do they happen ? What are neap 
tides, and when do they occur ? Why are tne tides happening at 
the change and full about the eouinoxes higher than those of other 
seasons ? At what time of year do the highest tides known happen ? 
Why have small seas, unconnected wiui the ocean and lakes, no 
perceptible tides ? What prevent the regular return of the tides, 
according to the motions of the Moon ? What are Mr. Ferguson's 
remarks respecting the regularity of the tides ? Have we reason to 
suppose there are tides in the air ? Why may they be more exten- 
sive and high than those of the ocean ? In what are the tides ben- 
eficial to us ? 



i 
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CHAPTER Vm. 

Eclipses, 

» 

An ediose is 1/ partial or total obscuraticHi of a heav^ 
enly bodyTj ^ 

So far as astronomical observation has extended, 
thWSunus the only heavenly luminary in the solar sys- 
tem;^at shine3 By its own light. The planets are in 
themselves opaque, and shine only by reflecting the 
solar i-ajrs. Hence on the side of these not illumi- 
nated by the Sun, dark shadows ' are cast. These 
shadows are in the form of/ vast cones^ extending into 
the heavens. They are buL privations of light in the 
space hid from the Sun. (That they are not \coexten- 
sive with the Sun's light, but terminate at a dbtance far 
more limited, is evident, because the primary planets 
never eclipse each other. Mars, though often in op- 
position to the Sun,- is never eclipsed by the Ekoth's 
shadow. This must therefore terminate before it 
reaches that planet. (Plate vi. Fig. 8.) Let S be the 
Sun, A E the Earth, A K E the Earth's dark shadow, 
terminating at B. From this figure it is evident, that, 
when a luminous body is larger than a dark body, in- 
tercepting its rayis, and causing a shadow, such shadow 
must end at the point where the rays from the ex- 
tremes of the luminous body cross each other beyond 
the dark body ; and that, as the Sun is far larger than 
the planets of our system, their shadows must termi- 
nate at points beyond the planets opposite to the Sun, 
at the intersection of the solar rays. The primary 
planets eclipse their secondaines, and tiib secondaries 
their primaries. I The Earth's shadow eclipses the 
Moon ; the Moon's shadow the Earth. But, when the 
Earth is eclipsed by the Moon, the Sun is darkened to 
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some of the inhabitants of the Earth. Hence eclipses 
of the Earth are usually denominated eclipses of 
the Sun, 

The shadow of the Earth, when longest, is about ^19 
of its semi-diameters?j Different computations malcb- a 
trifling difference in the mean extent of this shadow. 
If the diameters of the Earth and Sun be taken as be- 
fore stated, and the shadow be computed^ from these, it 
will be found to be aboutf217jsemi-diameteirs of the 
Earth ; equal to/864,094 mife^ ' 

If the Moon revolved in the plane of the ecliptic, 
an eclipse would happen at every conjunction and op- 
position, or at every change and full, ^ut, her orbit 
being inclined to that circle in an angle of 6° 9' 3'^, 
varymg a little at different times, eclipses cannot hap- 
pen except when she is in or about her nodesl In eve- 
ry other part of her orbit, she is either too far north or 
south to eclipse the Sun, or to fall into the Earth's 
shadow and be herself eclipsed. Plate vi. Fig. 1 1 . rep- 
resents the number of digits eclipsed up to 12 on the 
nght hand, where the ecbpse, being at the node, is total. 
The limit is different in different species of eclipses. 
For if the Moon be within about 17^ of either of her 
nodes at the change, there will be a solar eclipse. 
But lunar eclipses can happen but when she is with- 
in about 11° of^ her nodes. The greatest limit in solar 
eclipses, according to the tables in the author's larger 
work, is 18° U', the least, 16° 28^; the greatest in lu- 
UM-, no 61', the least, 10° 11'. 

/in lunar eclipses, when a part only of the Moon's 
disk is covered^ the eclipse is denominated partial; 
when the whole aisk is (covered, total\ (when the cen- 
tre of the disk passes through the centre of the shadowA 
central.. (Plate vi. Fig. 10.) 

The Moon is visible, when totally immersed, in the 
Earth's shadow, • appearing of a dusky red colorTjlike 
burnished copper. It is probable, that tlie refiracted 
rays of the Sun cause this phenomenon. These, trav- 



ECLIPSES. 113 

ersing the atmosphere of the Ekrth, are by it turned in- 
ward, so as to fall on the MoOn, and render her distinct- 
ly to be seen. 

In a lunar eclipse, all to whom the Moon is visible, see 
h^r in the same instant of absolute time. 
/Solar \3clipses are much more frequent than lunar ; 
buTmost of the former are invisible at any particular part 
of the Earth. ^ ' ' 

The dark shadow of the Moon sometimes reaches 
to the Earth, eclipsing a small portion of its surface ; 
sometimes that dark shadow is terminated before it 
arrives at the Earth. In the latter case, the Sun, at the 
centre of an eclipse, appears like a luminous ring. 
The eclipse is then called annular, (Plate v. Fig. 6.) 
This beautifiil phenomenon was seen in some parts m 
New England on the morning of April 3, 1791 ; at 
Washington, September 17, 1811 ; and in the eastern 
parts of the United States, February 12th of the year 
1831. The dark shadow of the Moon is longest, 
when she is in perigee and the Earth in aphelion ; 
shortest, when she is in apogee, and the Earth in peri- 
helion. The inhabitants of our republic have had the 
satisfaction of viewing two annular eclipses, since the 
commencement of the present century ; one, Septem- 
ber 17, 1811, the other, February 12, 1831. Ac- 
cording to computation, they will have the pleasure of 
seeing another, September 18, 1838 ; the annular 
eclipses being three for the century. 

Two total solar eclipses are computed for the United 
States during the century ; one, June 16, 1806, the 
other, August 7, 1869. It will appear £rom this, and 
from inspection of the tables of the semi-diameters 
of the Sun and Moon, that annular eclipses of the 
Sun are more frequent than total eclipses of the same 
luminary. 

The Moon's partial shadow is called her penumbra. 
All the inhabitants over whom this shadow extends, 
see the Sun partially eclipsed. In Plate vi. Fig. 10. 
10* 
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ah c d represent the Moon's penumbra ; the arch h rf, 
its extent on the Earth. The darkness of the penum- 
bra decreases, as it diverges from the dark shadow of 
the Moon. The motion of the dark shadow and pe- 
numbra over the Earth is nearly from west to east ; ex- 
cept at the polar regions, when th^y sometimes pass in 
an opposite direction. 

The whole number of eclipses in any one year is 
never less than .two, nor more than seven : when two, 
both are of the Sun ; when seven, four are of the Sun, 
diree of the Moon,* 

The line of the Moon's nodes has a constant mo- 
tion from east to west, or backwards in the ecliptic ; 
making a complete revolution in 18 y. 223 d. 20 h. 13 m. 
3fi s. In a year of 365 days, its motion is 19° 19^ 43^', 
completing a revolution in 18 y. 224 d. 4 h. 53 m. when 
leap year is four times taken ; in 18 y. 223 d. 4 h. 53 m. 
when Ipap year is five times included. By the retro- 
grade motion of the nodes, either of them is brought 
round to the Sun, or passes from the Sun to the Sun 
again, in 346 d. 14 h. 52 m. 14 s. on a mean. Half of 
this time only intervenes between one node and the 
other passing the Sun. When eclipses happen at the 
ascending node, other eclipses may be expected at the 
descending node in about 173 d. ; and, after a lapse of 
the same time, at the ascending node, thus continuing in 
rotation. 

When the Sun and Moon have been in conjunction 
with the Moon's ascendmg or descending node, they 
will be in conjunction again within ;^^' 12'^ rf the 
same node, after 223 mean lunations. r^Thus is formed 
a regular period of eclipses. \ It is completed in ^18 y. 
lid. 7h. 43m. 19 s. ^hen leap year is four times in- 
cluded; 18 y* 10 d. 7h. 43 m. 19 s. when leap year is 

* In some books it is stated, ikaX, when there are seven eclipses 
in a year, five are of the Sun. Such an event seems barely possi- 
l>le. Should it ever happen, two of them must be very slight, the 
l>enu«kbi)a just touching the poleu 
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five times included. , There is ' a regular series of re- 
turns to each eclipse. Eclipses at the ascending node 
first strike the Earth at the north, and pass oj9* at the 
south pole, movins a little southward at each return. 

"^^Eclipses at the descending node commence at the 
south, and retire at the north pole^ After an eclipse , 
has completed a series, and left tne Earth, it will not 
again return and commence a new series at the same 
node, till after an absence of more tha» 12,00d years. 
The eclipses commencing at one pole are equal m num- 
ber to those commencing at the other. The irregular 
motion of the Eiarth and Moon may accelerate or re- 
tard the commencement of a serie$( about one hundred 
years. In one series an eclipse may vi^t the Earth but 
seventy times ; it will not surpass seventy-seven tinies. 
When an ^lipse returns but seventy times, it will oc- 
cupy about 1,262 years ; when it returns seventy-seven 
times, it will require 1,388 years. The memora- 
ble eclipse of June 16, 1806, was total to a large part 
of New England. It happened at the Moon's de- 
scending node. Having traversed the mighty void 
fi-om the creation, it first met the south pole on the 
morning of thelpth of March, O. S. 1049, at 10 h. 
11m. 39 s."! Each visit has showp it a little farther 
north. The last return was June ^4, 1824 J. It hap- 
pened in the evening] the Sun going down a little eclips- 
ed at Washington. It will again visit the Earth, July . 

^ 8th, 1842) But, being at 2 h. 2 m. 2 s. in the morning, 
at Washington, it will be invisible in the(lJnited States ; 
but will be large and total over a wide' extent of the 
eastern continent. This eclipse will leave the E^nh at 
the north pole on the 11th of May, in the yeai^'^2347, 
N. S. of tlie Christian era.- 

The dark shadow of the Moon, when longest, and 
falling directly on the Earth, extends about lOT^miles. 
In most cases, however, it falls obliquely ; in some, very 
obliquely, when it may cover an extent of more than 
900 miles. 
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The tables mak^ the extent of the penumbra, when 
least/ about/ 4,500 piiles; when greatest, a little more 
tharf 7,000Vmiles. /It is very different at different times, 
varymg on kccount of the distance of the Sun and Moon, 
but more from the oblique manner in which it often 
strikes the Earth. 

According to the tables in the author's larger work, 
total darkness in a solar eclipse will never continue in 
one place more thai^5 m. 32 s. 1 The duration will be a 
little longer, according to the tables of Enfield. Sever- 
al authors state this duration short of the truth, mak- 
ing it three minutes, or about three minutes. In the 
June eclipse of 1806, total darkness was considerably 
short of -the greatest possible duration ; yet in the 
southern part of New Hampshire, the author, by the 
most carenil observation, made Ui4 m. 20 si At Ster- 
ling, Massachusetts, Robert B. Tnomas, the author of 
the Farmer's Almanac, probably nearer the centre of 
the shadow as it passed, found the time of total dark- 
ness 4 m. 46 s. 

The beginning of a general eclipse is when the pe- 
numbra fii^ touches the Earth ; the ending, when it 
leaves the Earth. t'\ In the same manner/the commence- 
ment and end of an eclipse at any particular place, 
is marked by the approach, or first touching and de- 
parture of the penumbra. When the Moon changes 
in one of her nodes, the penumbra and dark shadow 
pass over the centre of the Earth, making the longest 
general eclipse. The duration varies a little with tiie 
distance of the Sun ; more with the distance of the 
Moon from the Earth. When the Moon is in apogee, 
and t^e Earth in jperihelion, it is longest, being then 
about i6h. 13 m. jThe mean duration of a general 
eclipse1s(5 h. 46 nr. ] 

The position of tlie Earth's axis, as seen firom the 
Moon or the Sun, greatly affects solar eclipses^ The 
eclipse of 1806 wifr make a return in 1860, 'visible 
in the United States. But the position of the Earth's 
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axis being different, it will be to us far less than it was 
in its former visit. See this edipse of 1860, as projected 
by the author in his larger astronomical work. 

What is an eclipse ? What heayenly body shines by its own 
light ? What is the form of a planet's dark shadow ? Are the shad- 
ows of the planets coextensive with the Sun's light ? Do the pri- 
mary planets ever eclipse each other ? What do eclipse ? What 
is the greatest length of the Earth's shadow ? What is its mean 
length ? Why have we not eclipses at every change and full ? 
Where must the Moon be in order that there may be an eclipse ? 
What is the limit of solar, and what of lunar eclipses ? When are 
lunar eclipses partial ? When are they total ? and when central ? 
What causes the Moon to be visible when she is eclipsed ? Which 
are the most frequent, solar or lunar eclipsesj Why is a solar 
eclipse sometimes total and sometimes annular a According to cal- 
culation, how many anniDar, and how many uhal eclipses will be 
visible in the United States in the present century ? At what times 
will they happen ? What is the Moon's penumbra ? What is the 
greatest number of eclipses in a year ? What is the least ? When 
two, are they lunar or solar? How are they when seven? In what 
direction does the line of the Moon's nodes move ? In what time 
does it complete a revolution ? When eclipses happen atone node, 
how loner before they ipay be expected at the other i When the 
Sun and Moon have been in conjunction at one of the Moon's 
nodes, how long before they will be in conjunction again near the 
same node ? Is there a regular period of eclipses ? How long is it? 
Wh^re do eclipses at the ascending node hrst strike the Earth ? 
Where do they pass off? Where do eclipses at the descending 
node commence and retire ? After an eclipse has completed a se- 
ries, and left the Eartft, how long before it will commence a new se- 
ries at the same nodej How many times may an eplipse visit the 
Earth in one series ? In what number of years is a series completed ? 
At what node was the memorable eclipse of June 16, 1806 ? When 
did this eclipse first meet the south pole ? When was its last re- 
turn ? Why did it not attract notice ? When wiH be its next re- 
turn ? . Where will it be visible and total ? When, and at what pole, 
will this eclipse leave the Earth ? How many miles does the dark 
shadow of the Moon extend on t^e Earth ? What is the extent of 
the penumbra ? Why is the extent different at different times ? 
How long will total darkness continue in a solar eclipse ? What 
was the duration of total darkness in the June eclipse of 1806 ? 
When does a general eclipse begin and end ? When does an eclipse 
be^n and end at a particular place ? What varies a little the du- 
ration ? What is the longest continuance of a general eclipse ? 
What is its mean duration ? Has the position of the Earth'p axis 
any effect on solar eclipses f 
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A CaUdague <if Edio8e$ vitihU at fFasMngton, and generaUv 
ihrougn4na Ihe United SUtUa^ extracted from the Jhdhor^ 
Uargtr Work, Commencti^ wiik the Year 1831, it i$ conKti- 
uedihrough the I9lh Centtmf. 

Tbe time wt to solar ecUpNea is the middle of each eclipse, as seen at Waab- 
ington i to lunar, the minute of opposition. Both are reduced to appar- 
ent time. 



Year. 



831 

832 
833 

834 



835 
836 



837 
838 

839 
840 
841 

842 
843 

844 

845 



846 
847 
848 
849 
1850 
1851 



Month. 



Feb. 

Aug. 

Feb. 

July 

Jan. 

July 

Dec 

June 

Nov. 

Dec. 

May 

May 

Oct 

Oct 

April 

Sept. 

Aug. 

Feb. 

Aug. 

July 

Dec. 

Nov. 

Dec. 

May 

Nov. 

April 

Sept 
Mar. 

July 
©|ju]y 



D. H. M. 



12 

23 
1 
27 
6 
1 
26 
21 
30 
15 

1 

15 
24 
13 

9 
18 

13 
5 
2 

22 
6 

24 
9 
6 

13 

25 

13 

8 

13 

28 



35 



4 
5 
7 
2 
7 
4 
3 
2 



57 

10 

34 

48 

32IP 

30 

13 

38 



11 50 

3 6 
8 14 

8 22 
6 29 

9 

4 32 

2 9 

8 49 



4 
5 
7 
6 
4 

8 




49 
43 
7 
51 
19 

7 

6 



1 23 

7 48 



A. P.M. 



P. M. 

A. M. 
P. M. 
A. M. 
A. M. 
M. 
P. M. 
A. M. 
P. M. 
P. M. 

A. M. 

A. M. 
A. M. 
P. M. 
P. M. 
P. M. 

A. M. 
P. M. 
A. M. 
A. M. 
P. M. 
P. M. 
P. M. 
A, M. 
P. M. 
P. M. 

A. M. 
P. M. 



Remarks. 



Annular over a lar^e S. E. sec- 
ftion of the Union. 
Visible in the western parts of 

[the Union. 

Nearly total. 

TotaL 

TotaL 



Visible in Missouri Territoiy. 
Total. 

Annular in Virginia. 



Total. 

Total. 

Visible in Astoria and other 

Very small, [western regions. 

Small*. 

Sun rises a little eclipsed. 



Total, 



2 8 A. M. 

8 ii|a. M.| 
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Year. 




Month. 


D. 


Urn M« 


Aa P« At* 


Remarks. 


1852 


Jan. 


7 


1 3 


A. M. 


TotaL 




1> 


Dec. 


26 




A. M. 


Begins 6 h. 28 m. 


1853 


D 


Jan. 


21 


1 3 


A. M. 


Small. 


1854 


1> 


Nov. 


4 


4 22 


P. M. 


Very small. Visible in N. £. 


1855 


D 


May 


1 


11 6 


P. M. 


Total. 




1> 


Oct - 


25 


2 42 


A. M. 


Total. 


1856 


D 


April 


20 


4 10 


A. M. 






D 


Oct 


13 


6 12 


P. M. 




1857 














1858 


D 


Feb. 


27 


4 55 


P. M. 


Moon rises partially eclipsed. 




© 


Mar. 


15 


6 16 


A. M. 


^ 


1859 




Feb. 


17 


5 36 


A. M. 


Total. 




© 


July 


29 


5 44 


P. M. 


Small. 


1860 


1> 


Feb. 


6 


9 17 


P. M. 






© 


July 


i8 


7 55 


A. M. 




1861 


3) 


Dec. 


17 


3 9 


A. M, 






© 


Dec. 


34 


7 45 


A. M. 




1862 


1> 


June 


12 


1 18 


A. M. 


Total. 




1> 


Dec. 


6 


2 4a 


A. M. 


Total. 


1863 


1> 


June 


1 


6 30 


P. M. 


Total. Moon rises eclipsed. 




D 


Nov. 


25 


4 21 


A. M. 


- 


1864 














1865 


D 


April 


10 11 29 


P. M. 


Very small. 




3) 


Oct 


4 


5 50 


P. M. 


Very small. 




© 


Oct 


19 10 27 


A. M. 




1866 




Mar. 


30 11 30 


P. M. 


Total. 


1867 


3) 


Mar. 


20 


3 45 


A. M. 




1868 
1869 


3) 


Sept 


13 


7 30 


P. M. 




3) 


Jan. 


27 


8 21 


P. M. 


/ 




© 


Aug. 


7 


6 5 


P. M. 


Total over a southern section 


1&70 




*i^ 








[of the Union. 


1871 


3) 


Jan. 


6 


4 9 


P. M. 


Moon rises partially eclipsed. 


1872 


1> 


Nov. 


15 


29 


A. M. 


Very small. 


1873 


D 


May 


12 


6 23 


A. M. 


Commences 4 h. 34 m. Total in 


1874 


D 


Oct 


25 


2 37 


A. M. 


Nearly total, [the W. States^ 


1875 


© 


Sept 


29 


6 12 


A. M. 




1876 


D 


Mar. 


10 


1 5 


A. M. 






© 


Mar. 


25 


4 45 


P. M. 


Small. 


1877 


3) 


Aug. 


23 


6 2 


P. M. 


Total. Moon rises eclipsed. 


1878 


3) 


Feb. 


17 


5 58 


A. M. 






© 


July 


29 


5 35 


P. M. 






3) 


Aug. 12 


7 3 


P. M. 




1879 
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Year. 


1 


Month. 


D. 


xL* bL* 


At A • a^ 


Bemarks. 


1880 


Dec. 


31 


7 42 


A. M. 




1881 


1> 


June 


12 


1 56 


A. M. 


Total. 


1882 














1883 


1> 


Oct. 


16 


2 8 


A. M. 


[the Union. 


1884 


1> 


AprD 


10 


6 47 


A. M. 


Total in the western parts of 




1> 


Oct 


4 


5 14 


P. M. 


Visible, and total after the Sun 


1885 


© 


Mar. 


16 


1 28 


P. M. 


[sets. 




1> 


Sept 


24 


2 56 


A. M. 


[ible in the Western States. 


1886 




Mar. 


5 


» 


P. M. 


Commences about sunset. Vis- 




® 


Aug. 


29 


6 23 


A. M. 


Very small. 


1887 


i) 


Feb. 


8 


5 4 


A. M. 




1888 


D 


Jan. 


28 


6 6 


P. M. 


Total. 




i> 


July 


23 


35 


A. M. 


Total. 


1889 


© 


Jan. 


1 




P. M. 


Penumbra touches Washing- 




i> 


Jan. 


17 


18 


A. M. 


[ton about sunset 


1890 












w 


1891 


i> 


Nov. 


15 


7 36 


P. M. 




1892 


^ 


May 


11 


6 


P. M. 


Visible after sunset. 




© 


Oct 


20 


1 40 


P. M. 




1893 














1894 


i> 


Sept 


14 


11 24 


P. M. 




1895 


D 


Mar. 


10 10 28 


P. M. 


TotAl. 




1> 


Sept 


4 


49 


A. M. 


Total. 


1896 


1> 


Aug. 


23 


1 55 


A. M. 




1897 


© 


July 


29 


9 45 


A. M. 




1898 


1> 


Jan. 


7 


7 16 


P. M. 


Small. 




1> 


Dec. 


27 


6 37 


P. M. 


Total. 


1899 


3) 


Dec. 


16 


8 34 


P. M. 


' • 


1900 


© 


May 


28 


8 40 


A. M. 


- 
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CHAPTER IX. 



Divisions of Time. 

Time, as measured by the celestial luminaries, is di- 
vided into periods, cycles, years, months, weeks, days, 
hours, minutes, seconds, and sometimes farther sexages* 
imal parts. 

Periods f in astronomical reckoning, ar^arge diviaons 
of timei^The Chaldean Period is a circle of(25,85d 
years^ This period respects the motion of the terrestri- 
al poles. At the termination of it] the axis of the Earth 
points to the same stars as at the beginning. 1 

The Jidian Period is formed by multiplyBig together 
the cycles ©8, 19, and 15. J It consists ofl 7,980 years, j 
The creatibn of the world, according to the common 
computation, was on the 706th year, and the Dionysian 
era of Christ's birth, on the 4,7 13th year, of this period. 
According to some, the birth of Christ was earlier by 
four years. The Julian period is found of use in com- 
paring the dates of ancient events. 

The Dionysian Period^ or circle bf Easter, consists ot 
532 years, formed by multiplying the cycle of the Sun, 
28, by that of the ]Vfoo», 19. 

CYCLES ARE REVOLUTIONS OF TIME. 

The Cycle of the Sun consists(^of 28 years, i By this 
cycle [the days of the week are brought to the same 
days of the month \ the Sun to the same signs and de- 
grees of the ecliptic, with little variation ; and the leap 
years to the same state as at. the commencement of the 
cycle. Each of these returns, separately, in a much 
shorter period. But, by the cycle, they are brought to 
coincide. 

The Cycle of the Moon is the Oolden J^Twatber. h 
11 
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is a period off 19 years,W the expiration of which, the 
\ changes and liills, with ihe other aspects of the Moon, \ 
return to the same months, and days of the month, as at 
the beginning, or within a day of the same time. 

The Roman Indiction is a period of' 16 years,\ estab- 
lished by Constantine, in the year 312, for indicating 
the times of certain payments, made by the subjects to 
the government 

For finding the cycle of the Sun, golden number, 
and indiction, add \4,7 13 to the year of the Christian 
era, and divide the sum by 28, 19, and 15, respec- 
tively ;\ the remainders are the numbers sought for 
the yea]*. 

Required the cycle of the Sun, golden number, and 
indiction, for the year 1831. 



4713 


28)66144(233 


19)6544(344 


15)6544(436 


1831 


56 


57 


60 


0544 


d4 


84 


54 




84 


76 


45 




104 


84 


li 




84 


76 


90 



20 Cycle of Sun. 8 Golden number. 4 Indiction* 

The Epactiis the excess of the solar above die lu- 
nar year of 354 days, or 12 mean lunations>^ It is 
taken for the age of the Moon, on the first day of 
January. 

For finding the Julian epactj( muldplv the golden 
number of the year by 11 ; the product, if less than 30, 
is the Epact. But, if the product exceed 30, divide it 
by 30 ; the remainder is the epact. 

To find the Gregorian epact, the Julian epact must 
be first found. From this subtract 12, the number 
of days between the old and new style in the present 
century; the remainder is the epact required.* If 

* The rule of Mr. Pike and some others, to deduct 11 for the dif- 
ference between the Julian and Gregorian epact, applies to the last 
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nothing remain, 29 is the epact. If the subtraction 
cannot be made, add 30 to the Julian epact/ and sub« 
tract as before. 

The golden number and epact are little used at the 
present time ; especially where accuracy is required. 
The Roman indiction, still less important, is retained 
m our almanacs; why, is difficult to ' be conceived, 
unless as it is used in forming the Julian period. 

A Year. 

lA complete revolution of the seasons] constitutes a 
year. The difierence in the years, the tropical, the 
sidereal, and anomalistic, has been considered. The 
civil solar year consists bf(,365 days! and in bissextile, 
of 366. In this manner it is used in the United States, 
and most European nations. The lunar year consists 
of /12 lunar months, or mean lunations Jv computed at 
354 days J the surplus arising from the' minutes and 
seconds of the lunation being generally dropped in the 
computation. In this calendaf a /month is added every 
third year'^to make the lunar cobcide with the solar 
year. This month is intercalary, or embolimic. 
• The Jews computed their time byMunar years.^ 
** But, by intercalating no more than a mohth of thirty 
days, which they called Ve-Adar(^ery third yeai^ they 
fell*3f days short of the solar year m that time^' 

The year of the Greeks consisted of(^12 months, of 
29 and 30 days, '.alternately taken, comprising 354 
days, pr about ! 12 mean lunations.] This lunar year 
was with difficulty : connected with the solar year, or 
the revolution of the seasons, so as to make a particu- 
lar month fall at the same season in successive years. 

century only. The difference between the styles ought, in all com- 
putations or the kind, to be deducted. Hence the practice of cele- 
brating the birth-day of Washington on the 22d of February, in the 
present century, must be erroneous. The celebration ougnt to be 
on ihemd of February.) 
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^^The Oljmpc games weie celebnte<](eyer7 fourth 
year, 'during die full Mooi^iiext after the summer sol^ 
sdce^ and the year of the Greeks was so regulated as 
to make/this full Moon the first moath.J This purpose 
was e^cted hj intercalations ; hut these were managed 
so injudiciously, that, in the time of Meton,the calendar 
and the celebration of the festivals had fallen into great 
confusion." 

The ancient Romans computed their time by the 
llAutrum, a period of four years, ^i They also reckon- 
ed by lunar years, as establi^ed by* Romulus,' till ([Ju- 
lius Caesar reformed the calendar, introducing the sys- 
tem of computation known as the Julian calendar to 
the present time. In this calendaif three years were 
common, consisting of 365 days eai^. ) Every fourth 
year, the 24th day of February was twice reckcmed, 
making it coni^ ot 366 days. This, being the l^th of 
the cidends of March,lwas called lis sextus dies, de- 
nommated by us bissextile. The intercalary day b 
now added to the kst of February, and from it the year 
is called hisseoctUe, or lec^ year. The Julian calendar 
long prevaikd in Europe. But, from observati(»is on 
the time of Easter, the civil year was found to be too 
long for the tropical, and another attempt was made to 
reform the calendar. 

The vernal equmox fell on th^ 21st of Marchi at the 
time of the Council of Nice, ^^^325 of the Cnristian 
era. In 1582, Pope Gregory XIII. observed, that the 
same\equinox happened ten days earlier in the year 
than irhad done at the time of the Nicene Council. \ To 
correct the style, he altered the calendar ten days, or- 
deringXthat the 5th day of October should be called 
the ISth."^ Thus amended, the style was called the 
CfregoriaUy or new style. Though adopted in several 
European countries^ it was not received into Engladd 
till the year 1752^ The Julian calendar, or old style, 
still prevails in Russia. ^ In the present century, the dif- 
fereiKje between the old style and the new is (twelve 
daysXas before stated. 
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Pope Gregory stopped not at the alteration of the 
style. He endeavored to establish a principle, by 
which Uhe civil year and the tropical would in fiiture 
coincide.^v By this principle, bissextile is to be oinitted 
Ithree tin)e4in 400 years. When the centuries of the 
XJhristian era are divided bv four, if there be a remain- 
der, the year at the end ol the century is to be reck- 
oned common ; but if nothing remain^ the leap year is 
to be retained, or the last yAr of the century is to be 
reckoned bissextile. Though the year 1800 would 
have been a leap year in the Julian calendar, yet it 
was considered common in all our almanacs on the 
Gregorian principle. Our computaticais, to the present 
time, are made on the same principle. Thus, at the 
«[id of the 19th century, the leap year is to be omitted, 
there being a remainder, when 19 is divided by 4 ; 
but the year 2000 will be considered bissextile; 
because diere is no remainder when 20 is divid- 
ed by 4. 

The omission of three bissextiles in 400 years does 
not bring the civil year exactly to coincide with the 
tropical, as computed by La Place. The former 
still exceeds the latter 20 seconds, 24 thirds. This ex- 
cess will amount to a day in about 4236 years, l^he 
omission of one bissextile in 129 years, would bring the 
different computations to great nearness. 

Months are the principal divisions of a year. These 
are lunar, solar, and civil. The iddereal lunar month 
is the time the Moon is passing from a point in the 
heavens to the same again ; as from a star to the same 
star, as before stated. But the principal lunar month 
is a lunation ; or the time the Moon is passing firom 
one change to another. This seems to have given 'the 
name to this division of time ; or to be the foundation 
of months. The solar month is the time the Sun is 
passing one of the signs of the ecliptic, or the 12th part 
of a year. 

. Civil months are of two kinds. The weekly month, 

11* 
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always equally long, consists of four weeks. This is 
the true legal month. " A month, in law," says Black- 
stone, '^ is a lunar month, or twenty-eight days, unless 
otherwise expressed ; not only because it is one uni- 
form period, but because it faUs naturaUy into a quar- 
terly divisi(Hi by weeks. Therefore a lease for twelve 
m<mth$ is only for forty-eight weeks ; but, if it be for a 
ttoelvemanthy in the singular number, it b good for the 
whole year.** 

I The other months are those in our cdendar.i They 
are'Roman in their origin.l The* Latin names jare re- 
tained, some of them assumiiig an English termination. 
The sixAk mcmth was called/ SkxtilisMl the time of 
Augustus Caesar. ^ It was changed to Avgustusy in hon- 
or of that empeh>r.^ To heighten the compliment, 
^a day was taken from the last of February, and added 
to August Before Aat time, February, in a common 
year, consisted of 29 days, August of 30.* 

A u>€eky a well-known portion of time, and old as cre- 
ation, undoubtedly had its origin in the resting of Jeho- 
vah from his work, and the establishment of the Sabbath. 
It consists of seven days. . 

Days Bie artificial at natttrcd. /The artijicial day 
is continually varying in length in most latitudes, being 
the titne the Sun is above the horizoni /The natural 
day is the time in which any meridian of the Earth 
moves from the Sun round to me Sun again, being 24 
hours.>y This is subiect to a fractional variation at dif- 
ferent seasons. The ancient Egyptians began their 
dayUt midniebt!^ (This is the practice of the United 
States, and qi most European nations J It is the civil 
day with us, and is divided into two/ twelves. From 

* The number of days in each month may be remembered by the 
following lines : 

Thirty days hath September, 
April, June, and November ; 
AU the rest have thirty-one, 
Saving Febmary alone. 
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common practice, it is too well known, to need expla* 
naUon. The Jews began their dayd^ the sett'ing of 
the Sun. | They divided the night and the day each 
Anto 12 equal parts. | As this was done at all seasons 
S>f the year, not only the days, but the hours, or di^. 
visional parts, must have been of unequal length ; though 
not so unequal as such a division would be with qs, 
Palestine being nearer the equator than most of the 
United States. The ancient Greeks also began their 
d«y at Sun-6etting. The same practice is followed 
among the modems, by j^elBohemians, the Silesians, 
the Italians, and Chinese^ J Tlie day was commenced 
at Sun-rising by tbefSalnrronians, Persians and Syrians. ") 
This is the manner pi computation by the modem 



/Greeks. ) 

^ The ts 



lautical, or sea day, commences ^at noon,) 12 
hours before the civil day. vThe first 12 hours are 
marked P. M., the last, A. M.) tThe astronomical day 
begins ^noon,|l2 hours after the civil day, and is reck* 
oned, numerically ,\from 1 to 24 J 

An hour is the(24th part of a natural day. | This di- 
idsion of time is very ancient. '^ Herodo^s observes, 
that the Greeks learned from the £gyptiaD^ among oth* 
er things, the method of dividing the day into 12 parts. 
The division of the day into 24 hours was not known to 
the{Romansi)efbre the Punic war. Till that time, diey 
only regulated their days by the rising and setting of the 
Sun." The day was divided by them into four watches, 
commencing at 6, 9, 12, and 3 of the clock. The night 
was divided, in the same manner, into four watches, each 
consisting of(three hours]^ 

The remainmg divisions of time all proceed in the 
well-known sexagesimal order : the hour is divided into 
dOAninutes ; the minute into 60 seconds ^ the second 
into60 thirds ; and so on to fourths and fifths. 

The domnical Utter is deserving a place in a work 
of this kind. The first seven letters of the alphabet 
were formerly placed in almanac^<»r the days of the 
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week/ Introduced by the primitive CbristiansJ they 
were used instead of the nuhdinal letters of the Koman 
calendar, tpne of these, standing for the Sabbath, was 
written in capitals, and called the dominical letter, from 
DominuSy the Latin word for Lordf The domioical 
letter b still retained io our almanacs, while figures are 
substituted for the other letters. 

If 365, the days in a common Julkn year, be divid- 
ed by 7, the number of days in a week, 1 wiH re- 
main. If there were no remiiinder, and no bissex- 
tile, each succeeding year would begin on the same day 
of the week. But, one remaining, when a common 
year is thus divided, each year will begin and end on 
the same day of the week. When January begins on 
Sunday, A is the dominical letter for that year. But 
the next year must comraeiU^e on Monday ; Ay there- 
fore, or the substituted figure, is set at that day. The 
Lord's day being the seventh of the month, G will be 
the dominical letter for that year. As the following year 
must commence on Tuesday, jP is the dominical letter 
for that year. Thus the letters wodld follow, G, F, E, 
D, C, B, A, in retrc^rade order. At the end of seven 
years, the days of the week would return to the same 
days of the month as 9t the beginning. But, bissextile 
having' 366 days,^if this be divided by 7, there will be a 
remainder of 2. Thus there must be ad interruption of 
the regular returns. 

The letters were placed in such order, tfiat^ stood 
at the first day of January, B at the second, XJ at the 
third ; thus oh throughout the seveA- The same were 
repeated in succession through the year. In each suc- 
ceeding year, therefore, the same letters stood at the 
same days of the month. This always brought^C 
to the 28th of February .\ That this order might notft^ 
interrupted by leap year, C was placed at the 29th 
also ; or, according to some tables, I> was repeated. 
Thus the same letters were set to the days of the suc- 
ceeding months in bissextile, as in common years. Let 
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a year commence with D, as the dominical letter;- 
C, at the 28th of February, must in that case stand for 
Saturday; C also must be against the 29th, and, of 
course, being for the Lord's day, must be dominical ; 
or, if D be repeated, C, at the 7th of March, becomes 
dominical, and thus continues through the year. The 
next year would commence two days later in .the week. 
On account of this leaping in the retrograde order of 
the letters, the seven occupy five years in a revolution, 
when leap year is twice included ; six, when it is once 
included. Hence the days of the week return to the 
same days of the month in[five or six years,]according 
as bissextile is twice or but once included. In 28 
years, the seven letters will always have five revo- 
lutions, except at the end of the centuries, when leap 
year is omitted. 

Uhe table following shows the dominical letter for 
6000 years of the Christian era, according to the new 
style, or Gregorian calendar :-4- 
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A Table of Dominical Letters fw 6000 Ytan of ike Christian 

Era, JV. 5. 



Yean lea 100. 



1 

2 
3 

5 
6 

7 

8 



9137 
38 



10 
11 
12 



1341 



14 



17 
18 
19 



21 



24 



25 
26 
27 

28 



29(57 
3058186 



31 

^60 

3361 



34 



356391 
3664 92 



39 



406896 



427098 



154371 



16 44 



45 

46 
4775 

204876 



225078 



2351 



5987 

88 



62 



65 
66 
67 



6997 



72 



73 
74 



4977 



79 
5280 



5381 

54 82 
5583 

5684 



85 



93 
94 
95 



99 



1 
5 

9 
3 
7 
1 
5 
9 
3 
7 
1 
5 
9 
3 
7 


















05 
05 




B 

A 

G 

F E 



D 

C 

B 

A G 



F 

£ 

D 

C B 



A 

G 

F 

£ D 



C 

B 

A 

G F 



£ 

D 

C 

B A 



G 

F 

£ 

D C 



2 
6 
























4 

8 



4 
8 
2 
6 

4 
8 
2 
6 



£ 



D 

C 

B 

A G 



F 

£ 

D 

C B 



A 

G 

F 

E D 



C 

B 

A 

G F 



£ 

D 

C 

B A 



G 

F 

£ 

D C 



B 
A 
G 

F £ 



3 

7 
1 
5 
9 
3 
7 
1 
5 
9 
3 
7 
1 
5 
9 






















2 
2 
0i3 
3 
4 
4 
4 
5 
5 
6 



£ 

D 

G 

B A 



G 

F 

£ 

D C 



B 

A 

G 

F E 



D 

C 

B 

A G 



4 

8 

2 

6 



2 



4 

8 

2 

6 



4 

8 

2 

6 





G 


B A 


F 


G 


£ 


F 


D 


£ 


C B 


D C 


A 


B 


G 


A 


F 


G 


E D 


F E 


C 


D 


B 


C 


A 


B 


G F 


A G 



F 

£ 

D 

C B 



A 

G 

F 

£ D 



C 

B 

A 

G F 



£ 

D 

C 

B A 



The dominical 
letter for any year 
of the first century 
is found in the col- 
umn of letters un- 
der 100, opposite 
to the year. For a 
year in any centu- 
ry after Ihe first, 
find the century 
preceding the year 
at the top: under 
this, and opposite 
to the year of the 
century, in the 
column for years 
less than 100, is 
the dominical let- 
ter sought. 

KXAMPLX. 

Under 1800, od- 
posite to 31 in the 
left hand column, 
is B, the dominical 
letter for 1831. 
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A 


B 


C 


D E 


F . 


O 


Jan. 


M.y 


Aug. 


Feb. June 


Sept. 


April 


Oct. 






March 


Dec. 


July 








Nov. 







All dayi decline; ureBtUesaiiigseiid i 
Good Chriallaiia find a during ftwnd. 

The Snt letten of these twelve 
words are the same an those at 
the beginniag of each month. 

If t£e letter get at the first 
day of a month be before or af- 
tei the dominical letter in any 
year, the day an which the 
month beffins ii before or after 
the Lord^ day, and is as far 
distant SB the commencing let- 
ter is distant from the dominical 
letter. Thus, if ^ be the do- 
minical, letter, January begins 
on the Sabbath ; February and 
March on Wednesday. If B be 
the dominical letter, Jannary 
begins on Saturday, Febiuaiy 
and Maroh oa Tuesday. 



d Table shoiriag at ichal Daya i 


of tU Month, the Ullcri far- \ 




d, Urtd ic/.trs the 


Dominical Letlers jioio ala 




D, L te 


A B C D L F 


G 
14 


Jnn 
Or. 


3 4 5 6 






M 






\ 








Nni 




Apr 


1 1 1 ' 




1 


i 
















h 


(1 




9 


Aug 3 




4 


5 b 


7 




lit 






38 


^ '-lO 


i 


r 


1 






4 


S h 




Sep 30 






L i: 




\h 


\h 


Dec 31 




1' 


t » 


!1 


/. 






w 
J 


£> 




« 




»U 
























^ 


May 3 




m 


t 7 


ST. 




a) 

i7 




£f. 


£1 


au3 










4 




fi 7 












l? 


i: u 


\h 


ih 


17 




If 


W 


jk 1 


ft 


£ 


M 




i 


26 


SWlfc 


£i 


■HJ 
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What are peiiodi ? How long is the Chaldean period ? What 
takes place at the termination of this period ? ,How is the Julian 
period formed ? How lon^ is it P What is its use ? Of how manj 
years does the cycle of the Sun consist ? What is effected by this 
cycle? How long is the cycle of the Moon, or golden number? 
What takes place at the expiration of this cycle ? What is the 
Roman indiction ? How are the cycle of the Sun, golden number 
and indiction found ? What is the epact? How is the Julian epact 
found ? How is the Gregorian ?il Are the golden number, epact, 
and indiction of much use ? Wnat is the . difference between old . 
and new style in the present century i Which is the proper day 
for the celebration or Washington's 'birth ? What constitutes a 
year ? Of what does the civil solar year consist ? How long is a 
lunar year ? What was added to make this year coincide wim the 
solar year ? How did the Jews compute their time ? What de- 
fect was there in their computation ? Of what did the year of the 
Greeks consist ? Was their year easily connected with the solar 
year ? When were the Olympic games celebrated ? > At what sea- 
son was the first month of the Grecian year ? How di^the ancient 
Romans compute time ? They reckoned by lunar years, establish- 
ed by whom .^ Who established the Julian calendar ? In this cal- 
endar how many years were common $ When was the day added 
in leap year ? Why was it called bisaextile ? On what dajr of 
March aid the vernal equinox happen at the time of the Council of 
Nice, in the year 325 ? In 1582, what did Pope Gregory XIII. ob- 
serve ? To correct the style, what did he - do ? When waa the 
Gregorian, or new style, adopted in England ? Where does the 
Julian^ or old style, still prevail ? What principle did Pope Grego- 
ry endeavor to establish ? By his principle, how many bissextOes 
are to be omitted in four hundred years ? y How can tt be ascer- 
tained what bissextiles are to be omitted ?' Has any bissextile been 
of late omitted ? Does the civil year, as now established, exactly 
coincide with the tropical ? What omission would bring the two 
Computations to ^reat exactness ? What is a sidereal lunar month ? 
What is the principal lunar month ? Of how many kinds are civil 
months ? Of what does the weekly month consist^ What is the 
true legal month ? What are the other months ? Of what origin 
are they ? How are the names ? What was the sixth month tor- 
merljE called ? Why was it called August ? How was the compli- 
ment i^eightened ? What seems to hav6 been the foundation^ of 
weeks 1^ What is an artificial day? What is a natural day? 
When did the ancient Egyptians begin their day ? What nations 
now beein their day at midnight? When did the Jews heg^n their 
day ? How did they divide the night and the day ? What modem 
nations begin their day at sunset ? What ancient nations com- 
menced their day at sunrising ? What modems ? When does the 
nautical, or sea-day, commence ? How are the hours marked ? 
When does the astronomical day beein? How is it reckoned? 
What is an hour ? From whoib did the Greeks learn their method 
of dividing the day ? Who divided the day and the night each in- 
to four watches ? How long was a watch ? After hours, in what 
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order do all thd remaininff divisions of time proceed ? How wert 
the jSrst seven letters of me alphabet formerly placed in almanacs ? 
Who introduced them ? Why was one of these called domimeal 7 
If a common year begins on Monday, on what day will the next 
year begin ? What prevents the. dominical letters nrom proceeding 
in a retrograde order, and returning again at the end of seven 
years ? In what order were the letters placed in almanacs ? What 
causes two dominical letters in leap year ? In how long time do 
the days of the week return to the same days of the month ? What 
is a convenient couplet ? Why is it convenient ? If you know the^ 
letter at the beginning of a month, and the dominical letter, how 
will jt>u find on what day of the week the month begins ? 



CHAPTER X. 

I 

Obliquity, 

The obliquity of the equator to the plane of the 
ecliptic, being the cause of the variety of seasons, the 
different length of days and nights, and the pleasing 
vicissitudes resulting from the varying year, is well de- 
serving a place, even in a compendium of astronomy. 
The principal inquiry is, whether the obliquity remains 
the same, or is subject to a constant diminution. 

" The obliquity of the ecliptic to the equator," says 
Dr. Brewster, '' was long considered a constant quantity. 
Even so late as the end of the 17th century, the differ- 
ence between the obliquity, as determined by ancient 
and modern astronomers, was generally attributed(to in- 
accuracy of observation,/ and a want of knowledge of 
the parallaxes and refraction of the heavenly bodies. 
It appears, however, from the most accurate modern ob- 
servations, at great intervals, that the obliquity of the 
ecliptic is diminishing. By comparing about 160 obser- 
vations of the ecliptic, made by ancient and modern ob- 
12 
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servers, with the obliquity of 23^ 28' 16^', as observed 
by Tobias Mayer, in 1756, we have found that the dim- 
inution of the obliquity of the ecliptic, during a centuiy, 
is 61^'; a result which accords wonderfully with the 
best observations." This would bring the obliquity at 
thepresent time, 1831, to 23° 2T 38''. 

The above statement, though contrary to the opinion 
of some philosophers, is in accordance with the true 
principles of Newtonian philosophy, and is corroborated 
by the best modern astronomers. Professor Vince, hav- 
ing stated the observations of many authors, ancient and 
modem, concludes : " It is manifest, from these observa- 
tions, that the obliquity of the ecliptic continually de- 
creases ; and the irregularity, which here appears in the 
diminution, we may ascribe to the inaccuracy of the 
observations ; as we know that they are subject to great- 
er errors than the irregularity of this variation." 

The following table will give, an idea of the diminu- 
tion of the obliquity for many centuries. It was extract- 
ed from Rees's Cyclopaedia. 



Obliquity of the Ecliptic, from Observations 
at different Times. 


Mean Obliquity for 


40 Centuries. 




B. C. 


o 


— ' — ' — 1 

/ 


II 


B. C. 


o 


/ 


// 


Pytheas, 


3^ 


23 


49 


23 


900 


23 


50 


26 


Eratosthenes, 


230 


23 


51 


20 


400 


23 


46 


30 


Hipparchus, 


140 
A.D. 


23 


51 


20 



A.D. 


23 


43 


15 


Ptolemy, 


140 


23 


48 


45 


100 


23 


42 


26 


Arzachel, 


1104 


23 


33 


30 


500 


23 


39 


6 


Propatius, 


1300 


23 


32 




1000 


23 


34 


51 


Waltherus, 


1476 


23 


30 




1500 


23 


30 


33 


Tycho Brahe, 


1584 


23 


31 


30 


1700 


23 


28 


49 


Kepler, 


1627 


23 


30 


30 


1800 


23 


27 


57 


Flamstead, 


1690 


23 


29 




2000 


23 


26 


13 


Mayer, 


1756 


23 


28 


16 


2500 


23 


21 


52 


Maskelyne, 


1800 


23 


27 56.6 


3000 


23 


17 


31 



A small difference will be seen between the statement of Dr. 
Rees and that of Professor Vince, respecting the obliquity, as ob- 
served by some of these authors. But as the general principle is 
not affected, it may be useless to attempt a reconciliation. 
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The part of tbe table on the left was taken from ob« 
servation. It will be found very nearly to coincide with 
that on the right, formed by calculation from the observa- 
tions of the most accurate modem astronomers. 

The attraction of the Moon on the spheroidical figure 
of the Earth is, without doubt, the cause of the diminu- 
tion above stated. [^See a demonstration of this in the 
author's larger vmrTc on astronomy J\ The action of the 
Sun upon the same figure must have an effect, similar to 
that of the Moon ; but far less in quantity, on account 
of his immense distance. The principle is nearly 
similar to that of the tides, as may be seen in the dem- 
onstration. 

If such be the cause of diminution, the obliquity must 
continually decrease, and in time become extinct. But, at 
the present ratio of diminution, such an event cannot 
occur under about 160,000 years, a period stretching be- 
yond the most distant wish of the present inhabitants 
respecting the concerns of this world. 

The variety of seasons, it is true, must cease at such 
an event. But long ere that time the earth may be 
^^ dissolved f' or it may be renovated, so as to produce 
** seed time and harvesty and summer and winter J^ 

Why does the obliquity of the equator to the plane of the eclip- 
tic deserve a place in a compendium of astronomy ? How was 
this obliquity long considered ? To what was the difference be- 
tween the obliquity, as determined by ancient and modern astron- 




the spheroidical figure of the Earth be the cause of diminution in 
the obliquity, what must in time be the effect? According to the 
present diminution of the obliquity, how many years would be re- 
quired to bring the equator to the ecliptic? Ought the present 
inhabitants to be anxious respecting such an event ? 
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CHAPTER Xt 

Parallax, 

The true place of a heavenly body is the situation in 
which it would appear, if seen from the centre of the 
earth ; the apparent, where it is seen from the surface. 
The angular difference between these, the true and ap- 
parent place, is what is understood by parallax. It is 
equal to the angle under which the semi-diameter of 
the earth would appear at the Sun or a planet. Paral- 
lax is greatest at the horizon, called horizontal parallax. 
Decreasing from this, it becomes nothing at the zenith. 
Hate V. Fig. 7 : let A B D be the Earth ; C its centre ; 
M N O P the place of the Moon at different altitudes. 
When the Moon is at M, she would appear from the 
Earth's centre among the stars at E ; but as seen from 
the surface at A, she appears at F. When at N, she 
would be seen from IJie centre at G ; but from A she 
seems at H. At O, her parallax being lessened, she 
would be seen from the different stations at I and at K. 
Having no parallax at P, she appears at the same place 
from C and from A, being seen in the zenith as at ^. 

This is called diurnal parallax. Annual parallax is 
the difference between the apparent place of a heaven- 
ly body, as seen from opposite points of the Earth's 
orbit. The diameter of this orbit is about 190 millions 
of miles. A spectator at one season of tJie year, as the 
20th of June, must be the whole of this diameter dis- 
tant from his place at the opposite season, the 20th of 
December. Hence an object, unless inconceivably 
distant, as seen from one part, must appear in a veiy 
different place, from the same object, as seen from the 
opposite part. 

Diurnal parallax, usually denominated parallax, with- 
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out epithet, increases with the nearness of the body to the 
Earth. The Moon, being the nearest heavenly body, has 
the largest parallax ; while the fixed stars, being im- 
mensely distant, have no perceptible parallax, the semi- 
diameter of the Ekirth> appearing, at that distance, no 
more than a point 

Parallax always depresses a body, making it appear 
below its true place/ 

The horizontal parallax of the Moon has long been 
known. It is of great importance in the calculation and 
prqection of eclipses. 

The parallax of the Sun has been an object of atten- 
tion from the greatest antiquity. Aristarchus, an astron- 
omer of Saraos, flourished about the middle of the 
third century before Christ. He proposed to find this 
parallax by observing the instant when exacdy one 
half of the Moon's disk is illuminated. This happens 
a little before the first, and a littie after the last, quarter. 
The Moon, as seen from the Sun, is then at her greatest 
elongation. In the triangle formed by the Earth, the 
Sun, and the Moon, the angle at the Moon is a right 
angle ; and the angle formed at the Earth, by the Moon's 
distance from the Sun, is taken by observation. If, then, 
the distance of the Moon from the Earth be known, the 
distance of the Sun may be found by an easy process 
in rectangular trigonometry. Hipparchus proposed to 
obtain a triangle for finding the Sun's parallax, by ob- 
serving the exact time the Moon is in passing the Earth's 
shadow, iri a lunar eclipse. But all attempts to ascer- 
tain this parallax prior to the seventeenth century, can 
scarcely be called approximations to the truth. 

The present manner of finding the Sun's parallax by 
the transit of Venus over the disk of the Sun, is con- 
sidered the greatest improvement in modern astronomy, 
as it furnishes a means of ascertaining, with sufficient 
accuracy, the magnitude of the planets, and their dis- 
tance from the Sun. The important use to be made of 
this transit was first suggested by Dr. Halley. Kepler 
12* 
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first predicted the passing of planets over the Son's 
disk, foretelling the transit of Mercury in 1631, and 
the transits of Venus in 1631 and in 1761 ; but it 
seems not to have occurred to him, that these tran^ts 
might be used in finding the distances of the planets. 
Dr. Halley, early in life, formed an idea, that such transits 
might be used for finding the parallax of the Sun. 
The thought occurred to him when he was at the 
island of St. Helena, viewing the stars round the south 
pole ; and when he had an accurate view of Mercury 
passing over the Sun's disk. But, Mercury being too 
near the Sun to be conveniently used for the intended 
purpose, it is necessary to have recourse to Venus. 

The transit of Venus happens but seldom. Horrox, 
a young English astronomer, and his fi'iend, Mr. Crab- 
tree, appear to have been the first who had a view 
of this singular and pleasing phenomenon. On the 
24th of November, O. S., 1639, they saw Venus pasang 
over the Sun's disk. But their oliservations were im- 
perfect, the Sun going down in England during the 
transit. From this time, no other transit of Venus 
occurred until the 6th of June, 1761. Dr. Halley, in a 
paper communicated to the Royal Society, in the year 
1691, gave particular directions for taking this, and the 
following transit, in 1769, though he knew they must 
happen some time after his decease. 

For the manner of taking the transit, and constructing 
the mathematical figures for obtaining the parallax, the 
student is referred to the author's larger work, Ferguson, 
and Prior, on the same subject. 

The Sun's horizontal parallax is equal to the angle 
under which the semi-diameter of the Earth would be 
seen at the Sun, as before stated. This angle being 
obtained, and the serai-diameter of the Earth known, 
the distance of the Earth from the Sun may be easily 
found, by those who are tolerably versed in trigonom- 
etry. When this distance is known, the distances of 
the other planets from the Sun may be easily ascer- 
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takied ; for the great law of Kepler applies : — ^As the 
square of the Earth's periodical time, a sidereal year, is 
to the t^ube of its. distance; so is the square of any 
other planet's periodical time, to the cube of its dis- 
tance m>m the Sun. A concise method of determining 
the distances of the oth'er planets from the Sun «b7 the 
distance of the Earth, may be to assume a proportional 
distance for the Earth, and say, — As the proportional 
distance of the Earth from the Sun is to its real distance ; 
so is the proportional distance of any other planet from 
the Sun, to its real distance. The proportional distances 
of the planets was not difficult to obtain ; and has been 
long known. 

n the distance of the Earth from the Sun be assumed 
at 100,000, the distances of the other principal planets 
would be. 

Mercury, 38,947 ; 

Venus, 71,578; 

Mars, 151,679 ; 

Jupiter, 515,789; 

Saturn, 947,368 ; 

Herschel, 1,894,736. 

It is arousing and gratifymg to know what vast inter- 
est was felt in the transit of 1761, and what vast pains 
were taken to observe it with accuracy. Persons were 
sent into various parts of the world, to make observations 
on this important phenomenon. 

Mr. Short, of London, made his observations at the 
Saville house in London, in the presence of several of 
the royal family. The transit was observed at the 
royal observatory ai Greenwich, and other places in 
England ; at Paris, by De la Lande ; at Stockholm 
observatory, latitude 59^ 20J' N., longitude 18° E. 
from Greenwich, the whole transit being visible, was 
observed by Wargentin. It was also observed at Her- 
nosand in Sweden ; at Torneo in Lapland ; at Tobolsk 
in Siberia ; at Madras, at Calcutta, and at the Cape of 
Good Hope. Dr. Maskelyne's observations at St, 
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Helena, interrupted by the cloudy state of the weather, 
were not completely successful. The same happened 
in part at London, and at the royal observatory in Green- 
wich. " Early in the morning," June 6th, " when every 
astronomer was prepared for observing the transit, it 
unluckily happened, that, both at London and the royal 
observatory at Greenwich, the sky was so overcast with 
clouds, as to render it doubtful whether any part of the 
transit should be seen; and it was 38 minutes 21 seconds 
past seven o'clock, apparent time, at Greenwich, when 
the Rev. Mr. Bliss, astronomer royal, first saw Venus 
on the Sun." 

Mr. Short took great pains in computing the Sun's 
parallax from the best observations, both in England 
and in other countries, on this transit of 1761, and 
found it to have been 8.52^^, on the day of the transit, 
when the Earth was very near its aphelion, or the Sun 
near its greatest distance from the Earth ;. consequently 
8,65'', when the Sun is at its mean distance. Prior, in 
his Lectures, considers this mean parallax 8.73'', which 
does not materially differ from the above statement. In 
the projection of eclipses, the parallax of the Sun is 
usually considered 9". 

. The observations on the transit of 1769 did not ma- 
terially differ in their result from those of 1761. They 
rather confirmed the parallax deduced from the prior 
observations. 



What is parallax ? To what is it equal ? Wliat is the difierence 
between diurnal and annual parallax P Does diurnal parallax in- 
crease or decrease with the nearness of the heavenly body ? Does 
parallax make a body appear above or below its true place ? In 
what is the horizontal parallax of the Moon of great importance ? 
How did Aristarchus propose to find the Sun's horizontal parallax ? 
How did Hipparchus propose to obtain a triangle for finding the 
Sun's parallax ? Who first suggested the use to be made of the tran- 
sit of Venus over the Sun's disk ? What did Kepler predict ? How 
was Dr. Halley engaged when the thought occurred to him that 
transits might be used for finding the Sun's parallax ? Who first 
viewed Venus passing over the Sun's disk ? When was the first 
transit of Venus observed ? Who gave directions for taking the 
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transita of 1761 and 1769 ? If the distance of the Earth firom the San 
be known, bow can the distance of the other planets be ascertain- 
ed ? Was there much interest felt in the transit of 1761 ? Where 
was it obeerred ? What prevented the transit from being fully 
observed in some places ? From the various observations on the 
parallax, what did Mr. Short make the parallax ? From this, what 
would be the mean parallax ? What enect had the observations on 
the transit of 1769 on the result of die preceding observations ? 



CHAPTER XII. 

The Fixed Stars. 

Tniajixed stars are so denominated from their always 
retaining the same situation in relation to each other. 
We have seen, that the Earth is, at one seas(Mi of the 
year, 190,000,000 miles distant from its situation at the 
opposite season ; yet these stars have no sensible paral- 
lax. The star which is north at one time, is north at 
any other time. Most of the stars, indeed, appear to 
have a diurnal revolution round the Earth ; but this 
arises from the rotation of the Earth on its axis, and is 
no more than is caused by that rotation. 

That the stars always retain the same apparent situa- 
tion, must be owing to their immense and inconceivable 
distance. Let two persons be placed one rod distant 
from each other, east and west. An object, ten rods 
distant, which is due north from one, will easily be per- 
ceived not to be north of the other. But let the object' 
be ten miles distant from these observei-s, and if it be 
north of one, it will scarcely be perceived not to be 
north of the other ; the angle can be ascertained only by 
nice observation. Let this principle be applied to the 
fixed stars, and the student will be sensible, that their 
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distance is truly immense. We form very inadequate 
ideas of the Earth's distance from the Sun ;* of course 
of twice that distance. But this immense distance, 
190,000,000 miles, makes no perceptible difference in 
the situation of the fixed stars, even when viewed with 
the nicest instruments. " From what we know," says 
Mr. Fei^uson, " of the immense distance of the stars, 
the nearest may be computed at 32,000,000,000,000 of 
miles from us, which is farther than a cannon ball would 
fly in 7,000,000 of years.'^ 

From the distance of the stars it may be concluded, 
that they shine by their own native light ; and not by 
the reflected rays of the Sun. For those rays, decreas- 
ing in number in any ^ven space as the squares of the 
distances increase, cannot by reflected light make objects^ 
visible at a distance so inconceivably great. 

The fixed stars are, without doubt, suns to other sys- 
tems. Thus they are now considered by the unanimous 
consent of astronomers. They may be distinguished fix)ia 
the planets by the twinkling of their light. The diame- 
ter of a star appears much less viewed through a good tel- 
escope, than when seen without the aid of instruments. 

Not more than 1000 stars are visible to the naked 
eye in either hemisphere. They seem, indeed, innu- 
merable, when, in a clear evening, we turn our eyes 
towards the heavens. But, in attentive observation, 
most of those bright spots, which appeared to be stars, 
vanish. They are probably reflections from minute 
particles of vanous kinds continually floating in our 
atmosphere. The British catalogue contains not more 
than about 3,000 stars, in both hemispheres ; though it 
includes many not visible to the naked eye. By im- 
proved reflecting telescopes the number is found to be 
great beyond all conception. "Dr. Herschel says that, 
in the most crowded part of the milky way, he has had 
fields of view, that contained no less than 588 Stars, and 

^ See the Ume it tDotdd regtiire a courier to pass from the Earth t» 
the Sun, Chap. I., Sec. VIl. 
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these were copdnued for many minutes ; so that, in a 
quarter of an hour, he has seen 1 16,000 stars pass through 
the field of view pf a telescope of only 15' aperture ; 
and at another time, in 41 minutes, he saw 258,000 stars, 
pass through the field of his telescope."* 

Many stars appear single to the naked eye, which, 
on heing viewed with a good telescope, are found to con- 
sist of two, three, or more stars. Some are denom- 
inated by Dr. Herschel insulated stars, because they 
seem removed from the attractive force of other stars. 
Such are our Sun, Arcturus, Capella, Sirius, and many 
others. 

" A binary sidereal system, or double star, properly 
so called, is formed by two stars situated so near each 
other as to be )cept together by their mutual attraction." 
It is, however, evident that stars may be situated, one 
nearly behind the other, so as to appear binary, though 
immensely distant. 

The double star EpsUon^ Bootes, is beautiful, com- 
posed of two stars, one light red, the other a fine- 
blue. Plate viii. Fig. 3, represents this star, as seen by 
telescopes of different magnifying powers. 

The double star Zeta, in the constellation Hercules, 
is composed of two stars ; the greater a beautiful bluish 
white, the less a fine ash color. 

The star Delta, of the Swan, is binary, composed of 
two stars very unequal in their apparent magnitude ; the 
larger- white, the less reddish. 

The pole-star is binary, composed of two stars of 
very unequal magnitude ; the larger white, the less 
red. In Plate viii. Fig. 4, is represented the treble 
star in the left fore foot of the constellation Monoceros, 
one of the most beautiful objects of the kind in the 
heavens. 

The Beta, in the constellation Lyra, or the Harp, is 
quadruple, white, but three of them a little inclined to red. 

* We are not told his manner of counting. 
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A ta'i!«:«r3? c« Hie irbclzal docbte stais mar be 
jn Dr. Bc't^^scct'* 5c^i-jeE:ect to Fer^iEoo. lis 

li &r exceed U]e liciiis desioied far das 



lore appeKcd far a time in tbe heaw- 
zad laen dsappesied. In ancieat cataloenes, stars 
K ec-jcaemed. wrJcb aie not noir to be seen, even by 
iz»» pTVrriil k^ircciecs of modem astroDomr. Odi- 
OS are Bov vis^ite, wiach seem not to bare been noticed 
by use JiMJi^K^ 

A ner alar was cSsoofered by Comelios Gemma, in 
1572. in the chair of Cassiopeia. It sorpassed Einas 
2 bfi^ttness and ma^ihude. To some eyes it af^ieared 
larser than Jcpher : and midit be seen at mid-daj. Jt 
znefwaids erachialhr decreased, and, afier sixteen 
E30oibs. entirely disappeared. 

In 1596, the SieUa .Mini, or woDderfiil star, in the 
neck of the whale, was observed by Fabricios. It 
seemed alt»nateiy to Tanish and reappear seren times 
in six Tears. During this time, however, it is said never 
to have been entirely extinct. 

In 1600, a chanc^Ue star, in the neck a[ the Swan, 
was observed by Jansenius. The same was observed, 
and its pJace determined, by Ke[Jtf . It was seen by 
Riciolus, in 1616, 1621, and 1624. But, from 1640 
to 1650, it was invisible. It had several instances of 
appearing and again vanishing, prior to the year 1715 ; 
when it reappeared as a star of the axth magnitude, its 
present appearance. 

Jn 1604, a new star was discovered by Kepler and 
some c^ his friends near the head of Serpentarius. It 
exhibited a bright and sparkling appearance, beyond any 
they had bef(M« seen. Assuming the different colors of 
the rainbow^ it appeared every moment changing, ex- 
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cept near the horizon, where it generally appeared 
white, ft was near Jupiter in October of that year, and 
surpassed that planet in magnitude, l>ut disappeared be- 
fore the following February. 

Several other stars have appeared, vanished, and re- 
appeared ; some of them in regular succession. Such 
changeable stars rtiay be suns, having extensive spots. 
Stars of this kind, by a regular rotation on their axes, 
may alternately present their dark and luminous sides. 
" Maupertuis is of opinion, that some stars, by their pro- 
digious quick rotation on their axes, may not only as- 
sume the figure of oblate spheroids, but, by their great 
centrifugal force, arising firom such rotation, they may 
become of the figure of millstones, or reduced to flat 
circular plates, so as to be quite invisible, when their 
edges are turned towards us ; as Saturn's ring is in such 
positions. But when any eccentric planets or comets go 
round any flat star, in orbits much inclined to its equator,, 
the attraction of the planets or comets, in their perihelia, 
must alter the inclinations of that star ; on which ac- 
count it will appear more or less large and luminous, as 
I its broad side is more or less turned towards us." — 

FergiLson, 

The propriety of the term Jixed, as applied to the 
stars, seems rendered at least doubtful by the observa- 
tions of modem astronomers. An advancement of the 
solar system, in absolute space, is now considered cer- 
tain. It was observed by Halley and Cassini. The 
first explanation of it was given by Mayer. But, to 
point out the region in the heavens to which the solar 
system is advancing, was reserved to Dr. Herschel. 
'' He has examined this subject with his usual success, 
and has certainly discovered the direction in which our 
system is gradually advancing. He found that the ap- 
parent proper naotion of about forty-four stars out of 
fifty-six, is very nearly in the direction which would re- 
sult from a motion oi the Sun towards the constellation 
Hercules, or, more accurately, to a place in the heavens, 

13 
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vnoK T-ipL scBBscai s 2i0^ del' 3l>', and whose noftfa 
poiar iiscBKe s 4«j*- il'."^ 

T!ue aar^ accGrring u their magaimde. bare beeo 
acTsng^ Jio: 33: Classes ex criers. The krzest are 
eaiieii ism jr Li<f xnt wut^Tvir^a ; next to these are 

mm . ^ 

dtose c£ cie seoEfui tuz^vi^u^dt z thos decTea:Hne to tbe 
iixdi, Ot ccurse, :iie ie-.et stars belooz to the sxtb 
ma?r:ir>ice. Ssmetiiiies, howeTer. in mc^icm. and eroi 
pcpuiiir woiksw we dud allu^ica a> stars of the serentb 
or eiiizci 3ia£iiicuiie. Cocs^derabie clarence czav be 
penreiv^ u stars ot the same class, some beiii^ much 
larger and mere brZiant than ochers. 

The arracasfinenc c£ stars aito icaznjtadcs, was made 
lone: beosre the inTtndcn of t«descop€S- Stars unseen 
withccc the assEstance ol these, are called telescopic 



Another h^pr amnsremect of the stars has been 
hacded down to us troen creat antiquitr. Bt a power- 
fiii ima^hLatioa. tbe eariy cti!ti?atofs of asuooomy con- 
ceiTed coartaaks of stars as baying the ibrm of certain 
animaisv or other sensible objects ; and hence thej di- 
vided the starry sphere into constellations, each indud- 
bk: stars of cCiterent ma^tudes. Accordins as the 
Ibrms appeared lo their imasinatioo, they applied names 
to the diEterent constelktioos. Thus one constelladoD 
was called I^o. another SooUs^ and another Orion. 
Stars not included in any constellation are called un- 
formed stars. 

Tbe animal, or other object of each constellation, is 
represented on the celestial globe, and tbe proportion of 
the stars bekxigins to each, denoted by the letters of the 
Greek alphabet, according to the plan adopted by Bayer, 
a Crerraan, in his Uranamttria, a large celestial adas. 
Thus, tbe largest star of the constellation is denoted by 
Alpha, the second by JBeto, the third by Gamma^ and 
thus on m alphabetioal order. 

The classing of stars, however chimerical, is of vast 
importance, as it enables the astronomer to designate tbe 
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place of a star, a planet or a comet, at anytime, as easi- 
ly as a geographer can that of a hamlet or a town. 

In Plate vii, figures 1, 2, 3, 4, and 5, may be seen 
Cygnus, the Swan ; Phenix, the Phenix ; Piscis Aus- 
tralis, ihe Southern Fish ; Leo, the Lion ; and Crux, the 
Cross, contracted in size from the same on a common ce- 
lestial globe. From these the student may form some idea 
of that imagination, by which the stars were arranged 
into constellations. Probably in Leo, or any other con- 
stellation viewed in the heavens, he will discover but lit- 
tle similarity between the figure presented by the stars, 
and the animal or other object by which they are repre- 
sented. 

Forty-eight of the constellations are reckoned ancient. 
Of these, 12 are in the zodiac, 21 to the north, and 16 
to the south of it The whole number of constellations 
has been reckoned 92. Of these, 12 are in the zodiac, 
35 are north, and 45 south of that circle. 

In each part of the following table, the ancient con- 
stellations are placed first. 
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CONSTELLATIONS IN THE ZODIAC. 



Ari$s, the Ram. 
TTaunu, the Bull. 
G*MiMit, the Twins. 
CaneeTj the Crab. 
L90, the Lion. 
Firgo, the Virgin. 



Libray the Sealee. 
ScorpiOf the Scorpion. 
SagiUariuSj the Archer. 
Ctqirieormuj the Ooat. 
A^uarinay the Water-bearer. 
PtseeSf the Fishes. 



CONSTELLATIONS NOETH OF THE ZODIAC. 



ITtm Minor, the Little Bear. 
Una JlfdMor, the Great Bear. 
Drucoy tne Dragon. 

Corona Boroalis, the Northern Crown. 

Heretdeo, 

LffrOj the Harp. 

CVifmw, the Swan. 

Cwnopeia, the Lady in her Chair. 

Perseus. 

Jtmiga^ the Wagoner. 

Serpentariua, the Serpent-bearer. 

Serpens, the Serpent. 

Sagitta, the Arrow. 

.tfftitia, the Eagle. 



2>e^Amiw, the Dolphin. 
E^ Seelio, the Horse's Head. 



Pegasus, the Flying Horse. 

Andromeda, 

JViangulum, the Triangle. 

Canes Fenatiei, the Greyhounds. 

C»r CaroU, the Heart of Charles. 

Triangulum Minus,the LitUe Triangle. 

.Miuea, the Fly. 

Zynx. 

Leo Jtfinor, the Little Lion. 

CamelMardalis, the Camelopard. 

Mono Manalus, the Mountain Mena- 

lus. 
Scutum Sebiestd, Sobieski's Shield. 
HeretUes cum Homo et Cerbero. 
7\itirM« Poniatowskiy Poniatowski's 

Bull. 
Fulpeeula et jSneer^ the Fox and tte 

Goose. ' 
Laeerta, the Lizard. 



CONSTELLATIONS SOUTH OF THE ZODIAC. 



Cetus, the Whale. 

Orion, 

Eridanus, 

Lepus, the Hare. 

Ckmis Me^or, the Great Dog. 

Ckmw Minor, the Little Dog. 

Argo. 

Hydra, the Water-Serpent. 

Crater, the Cup. 

Corvus, the Raven. 

Centaurua, the Centaur. 

Lupus, the Wolf. 

Ara, the Altar. 

Corona j9it«traito,tbe Southern Crown. 

Pisds Australis, the Southern Fish. 

Phenix. 

Cffieina Seulptoria, the Engraver's 
Shop. 

Hydras, the Water -Snake. 

Famax Chemica, the Chemical Fur- 
nace. 

Horologium, the Time-keeper. 

Reticvlus lUnnboidaUs. 

Dorado vel Zipkias, the Sword-Flsh. 

Cela Praxitelis, the Engraver's Tool. 



Cohtmba ^fbacki, Noah's Dove. 

Eauuieuo Pidortus^ the Painted Colt. 

Monoeeros, the Unicom. 

Chameleon. 

Pyxis JSTautiea, the Mariner's Compaae. 

Piseis Volans, the Flying Fish. 

Sextan^.lhe Sextant. 

Robur CaroHnum, the Royal Oak. 

Machina Pneumaticay the Wind In- 
strument. 

Crosiers el Cruiero. 

ApisMusea, the Bee or Fly. 

Apus vel Avis, the Bird of Paradise. 

Circinv^, the Compass. 

Quadra EutUidis, Euclid's Square. 

lyiangvium Australe, the Southern 
Triangle. 

Teleseopium, the Telescope. 

Pavo, the Peacock. 

Indus, the Indian.. 

Microscopium, the Microscope. 

Octans Hadleianus, Hadley's Octant. 

Orus, the Crane. 

Toucan, the American Goose. 



Prior, in his Lectures, makes the whole number of constellations 105 ; 13 in 
the zodiac, 38 north, 55 south. But it may be doubted, whether ii^creasing the 
number of constellations, by the addition of those that are small and unimpor- 
tant, can be beneficial to the student in understanding the geography c£ tho 
heavens. 
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T%e Galaxy. 

The Galaxy, or Milky Way^ is a lummous zone in 
the heavens. The beautiful cloudy whiteness, by which 
it is distinguished, is found by modern astronomers to 
proceed from the collected rays of innumerable stars 
not discernible by the naked eye. '^ That the milky 
way," says Dr. Herschel, " is a most extensive stratum 
of stars of various sizes, admits no longer of the least 
doubt." 

A group of stars is a collection of them of any fig- 
ure, closely compressed together, like the trees in a 
crowded forest. 

Clusters of stars are regarded by Dr. Herschel 
among the most magnificent objects in the heavens. 
They diflfer from groups in their beautiful and seemingly 
artificial arrangement. (Plate vii. Fig. 6.) 

KehvUUz are light spots in the heavens, sometimes 
denominated cloudy stars. (Plate vii. Fig. 7.) Some 
of them are found to be clusters of telescopic stars. 
The most noted nebula was discovered by Huygens, in 
1656. It is between the two stars in the sword of 
Orion. In one part of it, (Plate viii. Fig. 1,) a bright 
spot upon a dark ground seems to be an opening into a 
brighter and more distant region. NebuIsB were dis- 
covered by Dr. Halley and others. " But to Dr. Her- 
schel," says Enfield, " are we indebted for catalogues of 
2000 nebulae and clusters of stars, which he himself 
has discovered." Dr. Brewster says, "2500." 

What an astonishing view of the works of creation is 
opened upon us by the night ! With wonder and de- 
light, we greet the return of day. The beauty, and 
even the sublimity, of this world are lighted up to us by 
the splendor of the morning. But how surpassed are 
these by the infinite grandeur presented to our view by 
the nocturnal heavens ! To the night we are indebted 
13* 
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for the most exalted conceptions we can form of the im- 
mensity and sublimity of Jehovah's works. We can- 
not contemplate them without the most profound awe ! 
We behold, not a solitary world, but a system of worlds, 
kept in perpetual harmony by the Sun ; not one sun and 
one system only, but millions of suns and of systems, 
ranged in endless perspective, all revolving in harmoni- 
ous order ! How inconceivably great, and wise, and 
good, must be the Author and Governor of such 

A UNIVERSE I 

Why are the stars called Jixed stars ? What reason have we to 
consider their distance immense ? What does Mr. Ferguson think . 
may be the distance of the nearest sti^r ? How long would a can- 
non ball be in flying to it ? Why must we conclude the stars shine 
by their own light ^ What are the fixed stars now considered ? 
How may they be distinguished from planets ? What number of 
stars is visible to the naked eye in either hemisphere ? What are 
most of those bright spots which are taken for stars in a clear 
evening ? What number of stars does the British catalogue con- 
tain ? By improved telescopes, how is the number found to be ? 
What number of stars did Dr. Herschel see pass his telescope in a 
quarter of an hour ? How do some stars, seemingly single to the 
^naked eye, appear viewed through a good telescope ? What is a 
binary sidereal system ? Can you mention some stars which are 
double, treble, or quadruple ? Do stars seen at any time ever dis- 
appear .'' Can you give the particulars of some such stars ? What 
was remarkable in the new siai* discovered by Kepler in 3G04? 
What may stars of this kind be ? What was the opinion of Mau- 
pertuis.'' What renders doubtful the term Jixedf as applied to the 
stars ? j Who observed an advancement of the solar system in ab- 
solute (space .' Who gave the first explanation of this.'' Who 
pointed out the part in the heavens to which the solar system is 
advancing.^ How have the stars been arranged into classes or 
orders ? vfaa the arrangement of the stars into maffuitudes be- 
fore or after the invention of telescopes ? What other arrange- 
ment of the stars has been handed down to us from antiquity I 
What did the ancients conceive companies of stars as having ? 
How did they apply names to constellations ? Can much similar- 
ity be perceived between the figure presented by the stars in a 
constellation and the animal or other object by which it is repre- 
sented ? How many constellations are reckoned ancient ? How 
many constellations are there ? How many in the zodiac ? how 
many north, and how many south ? How many constellations 
does Prior enumerate in his Lectures, in the zodiac, north and 
south ? What is the galaxy ? From what does the whiteness of 
the galaxy proceed ? What is a group of stars ? What are dus- 
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ters of stars ? What are nebulae ? When did Hujgens diacoYer 
the most noted nebula ? Where is it ? To whom are we indebted 
for extensive catalogues of nebuls and clusters of stars ? Which 
opens on us the most sublime view of the Creator's works, the 
day or the night ? Can we form any idea of the immensity of 
Jehovah's works ? 



CHAPTER Xm. 

Refraction, 

Refraction of light is the incurvation of a ray from 
its rectilinear course. In passine obliquely from one 
medium into another of different density, a ray is turned 
towards the perpendicular, drawn to the surface of the 
denser medium ; but it is turned from the perpendicu- 
lar drawn to the surface of a rarer medium, in passing 
from one more dense. 

Refraction elevates a body, or makes it appear above 
its true place. An object always appears in the last 
direction in which a ray of light fit>m it passes to the 
eye of the observer ; though before it may have been 
refracted or reflected many times. A straight rod part- 
ly immersed in water appears crooked, when viewed 
obliquely to the surface of the water. The rays of 
light coming from the part immersed are refracted, or 
turned out of their course, in coming into the air, a 
rarer medium. The eye, therefore, viewing that part in 
the direction of the ray after refraction, sees it above its 
true place. Put a piece of money into a bowl, and re- 
tire till the money is just hidden by the edge of the 
bowl ; let an attendant pour water into the bowl, the 
piece will rise into view. To the eye at A, (Plate vL 
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Fig. 9,) the money at a is hidden by the edge of the 
bowl, but a ray of light from the piece immersed in 
water is refracted at the surface, and passes in the 
direction b A. Hence it becomes visible, appearing 
at i. 

A ray of light passing from one medium into another, 
in a line perpendicular to the intervening surface, suf- 
fers no refraction. It is true, that, when a person looks 
into a pail, or other vessel of water, the bottom seems 
elevated some distance above the ground or bench on 
which the vessel stands. But it must be remembered, 
that no single point of the surface is, in such a view, 
perpendicular to both eyes. And when the observer 
uses but one eye, from a single point only does a ray of 
light pass p^pendicularly to that eye. In such case, the 
imagination gives an elevated appearance to the whole. 
In wading a river, the water by you appears about its 
true depth ; but at a little distance forward, it appears 
more shallow than it will be found on trial, the bottom 
seeming elevated by refraction. No doiibt this has of- 
ten been the cause of drowning. 

The light of heavenly bodies is refracted, in coming 
to us, by the atmosphere of the Earth. This i^efraction 
is greatest at the horizon. Decreasing upwards, it be- 
comes nothing at the zenith. When a medium 4s equal- 
ly dense in every part, the refraction is at the surface. 
But it is not so in a varying medium. The atmosphere 
of the Earth decreases in density from the surface up- 
ward to its utmost height. A ray of light, therefore, 
must be more and more refracted, and pass in a curvi- 
linear course through the atmosphere. 

Refraction brings a heavenly body into view, when it 
is below the horizon. Let ABC, (Plate v. Fig. 10,) 
* be a part of the Earth's atmosphere ; B F, the sensible 
horizon to an observer at B ; D, a place of the Sun be- 
low the horizon. Should a ray of light, passing in the 
direction D F, strike the atmosphere at F, it would be 
refracted by the increased density of the air all the way 
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from F to the surface of the Earth at B, and would pre- 
sent the Sun in the line of its last direction B E. The 
Sun would, therefore, appear in the horizon, while it is 
below that circle. 

Tlie density of the air and the refracting power are 
increased by cold. The higher the latitude, therefore, 
in general, the greater the refraction. We are told by 
Mr. Ferguson, that, in 1596, some Hollanders wintered 
m Nova Zembla, and that the Sun arose to them seven- 
teen days sooner than, by calculation, it would have 
been above the horizon. Though refraction increases 
the length of the day over the night more in high lati- 
tudes than in those that are near the equator, yet, from 
the principle, it must be perceived, that the day is in- 
creased in all latitudes. The excess of the day over 
the night by refraction, exclusive of twilight, in latitude 
43^ has been computed at about six minutes, three in 
the morning and three in the evening. 

The refraction of the atmosphere is sometimes the 
cause of a curious phenomenon, the Sun and Moon both 
visible, when the Moon is eclipsed by the Earth's shad- 
ow. An instance of this kind, observed at Paris in 
1750, is mentioned by Mr. Phillips b his Astronomy. 

The disk of the Sun or Moon, when in or near the 
horizon, appears elliptical. The lower limb being more 
elevated by refraction than the upper, not only by the 
atmosphere itself, but often by floating vapor, the out- 
line of the disk must be changed from a circle to an 
elliptical form. . 

What is refraction of light ? In passing obliquely from one me- 
dium into another of different density, how is a ray turned ? Does 
refraction make a body ap]>ear above or bfelow its true place ? In 
what direction does an object always appear ? Why does a rod 
immersed partly in water appear crooked ? What is the cause 
that a piece of money at the bottom of a bowl will appear to rise, 
on water being poured into the bowl ? Is a ray of li^ht affected 
by refraction in passing perpendicularly from one medium into an- 
other ? What refracts a ray of light in coming from a heavenly 
body to us ? Why does a ray of Tight pass in a Curvilinear course 
through the atmosphere of the Earth ? Why can a heavenly body 
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What effsct has 
curious circum- 



be seen by us when it is below the horizon ? 

cold on the refracting power of the air? What ^- 

stance is related by Mr. Ferguson ? What excess of the day over 
the night, is it computed, refraction gives in latitude 429 i Of what 
curious phenomenon is the refraction of the atmosphere sometimes 
the cause ? Why does the disk of the Sun or Moon'^ when in or 
near the horizon, appear elliptical ? ^- 



CHAPTER XIV. 

TwUight. 

Twilight, or crepusculum, isr the light of tne morn- 
ing before sun-rising, and of the evening after sun-set- 
ting. It is the result of refraction. The atmosphere 
of the Earth extends about 45 miles in height ; or, at 
that distance from the Earth's surface, it is sufficiently 
dense to refract the rays of the Sun. Hence, when the 
Sun is about 18° below the horizon, the morning twi- 
light begins, and the evening twilight ends. The even* 
ing twilight is said, however, to be longer than that of 
the morning. The elevation of the atmosphere by the 
heat of the day and the vapor exhaled by rarefaction, 
may, by affecting the refracting power of the air, pro- 
lone the evening twilight. 

The continuance of twilight must increase with the 
distance from the equator, and be very long in high lat- 
itudes. At the poles, the Sun is never more than about 
22P 28^ below the horizon. If there be polar inhabit- 
ants, therefore, they must be blessed with a long twi- 
light. To them it must be more than 50 days after the 
Sun sets, before it will be 18° below the horizon, and, 
on its return, the same time, after it approaches within 
18°, before it will be above the horizon. 
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The immense benefit of the atmosphere must be 
contemplated with admiration. Not only, by the chem- 
ical operations of air, does it cause our blood to flow, 
and diffuse warmth through our bodies ; but, by its re- 
flecting and refracting powers, it gives beauty to the 
day. It gives also an easy and pleasing transition from 
night to day, and .from day to night, and enlarges the 
borders of the day even into the regions of night. As- 
tronomers generally concur with Dr. Keill, " that- it is 
entirely owing to the atmosphere, that the heavens ap- 
pear bright in the *day time. For without it, only that 
part of the heavens would be luminous in which the 
Sun is placed ; and, if we could live without air, and 
should turn our backs to the Sun, the whole heavens 
would appear as dark as in the night. In this case, al- 
so, we should have no twilight, but a sudden transition 
from the brightest sunshine to dark night, immediately 
upon the setting of the Sun, which would be extremely 
inconvenient, if not fatal to the eyes of mortals." 

What is twilight? How hiffh is the atmosphere? How far 
below the horizon is the Sun when the morning twilight begins, 
and the evening twilight ends ? Which have the longest twilight, 
the people near the equator, or those in high latitudes ? How long 
must the twilight be at the poles ? Can you name some particu- 
lar benefits derived to us from the atmosphere ? According to 
Dr. Keill, what would be the consequence oi our being without an 
atmosphere ? 
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CHAPTER XV. 

Latitude and Longitude. 
Sec. L Latitude. 

Latitude, as before stated, is the distance north or 
south from the equator. It is reckoned on the merid- 
ian in degrees ; which, like those of aU other circles, 
are subdivided into minutes, and again into sexagesi- 
mal parts. The centre of the meridian, like that of the 
equator, and other great circles of the globe, is consid- 
ered at the centre of the Earth. 

The great circles of the globe, extended into tlie 
visible heavens, are considered as celestial cii'cles, al- 
ways lying in the same plane with those on the Earth. 
The position of the heavenly bodies, therefore, in re- 
gard to these circles, may be used in determining the 
latitude and longitude of places. 

The latitude of a place may be determined by find- 
ing the distance of its zenith from the celestial equator. 
If, therefore, the zenitli distance of a heavenly body, and 
its declination, be known, the latitude of the place of 
observation may be ascertained. 

The declination of a heavenly body, as before de- 
fined, is its distance north or south from the celestial 
equator. The zenith distance of a heavenly body may 
be obtained by observing its meridian altitude, or by 
two altitudes. Four corrections are required in finding 
the altitude of the Sun or Moon ; semi-diameter, depres- 
sion of the horizon, parallax, and refraction, [For ta- 
bles to find these, see the author's larger work, and oth- 
er works on astronomy.] The semi-diameter and par- 
allax of a planet can be but a few seconds. They are 
imperceptible in a star. 
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Suppose that, on the 4th of July, 1831, the Sun's 
declination was found to be 22^ 65' 39^' north, when 
it passed the meridian of New York ; and at that time 
the Sun's true zenith distance was found to be 17° 46' 
21'' south ; what is the latitude of that city? 

Declination 22° 55' 39" 

Zenith distance 17° 46' 21" 



Answer 40° 42' 

If Arcturus, the noble star mentioned in the book of 
Job, be in 20° 20' north declination, as placed on the 
British celestial globe, and be observed to pass the me- 
ridian of Boston 22° 3' south of the zenith, what is 
the latitude of the city ? 

Declination 20° 20' 

Zenith distance 22° 3' 



Answer 42° 23' 

With a little attention, the student may easily deter- 
mine, whether he ought to add or subtract in making 
these calculations. If, in the last example, the decima- 
tion had been 20° 20' south, the zenith distance would 
have been 62° 43', and the declination must have been 
subtracted to find the latitude of the place. 

The latitude of a place may be determined by ob- 
serving the altitude of its elevated pole. This altitude 
is always equal to the latitude of the place of observa- 
tion. At this time, the north pole of the Earth points 
nearly to a particular star, well known as the north or 
pole star. According to Dr. Flint, in his Survey, the 
declination of this star in 1810 was 88° 17' 28", with 
an annual increase of 19J". Hence its declination on 
the 1st day of January, 1831, was 88° 24' 17", and its 
distance from the pole, 1° 35' 43". Let the altitude 
of this star above and below the pole be taken. Half 
the sum of these altitudes, added together, is the altitude 
of the pole, and equal to the latitude of the place. 

Semi-diameter and depression of the horizon bare 
14 
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been mentioned, as necessary corrections in deternunxng 
latitude, and not explained in separate articles. 

The semi-diameter of a heavenly body is the angle 
under which the semi-diameter of the body appears at 
the Earth. The distance of the limb being taken in as- 
certaining the altitude of the Sun or Moon, the semi-di- 
ameter is necessarily applied, in order to reduce it to 
the centre of the body. 

Depression of the horizon is caused by the eye of 
the observer being elevated. When a man stands up- 
rightly, he looks down on the horizon, which touches 
the Earth at his feet. It must be apparent, that, the 
higher the eye is elevated, the farther below the horizon, 
touching the surface of the Earth beneath it, may a 
heavenly body be seen. 



Section II. Longitude. 

Lofigittide, on the Earth's surface, is the distance east 
or west from some fixed meridian, assumed as first. 
Like latitude, it is reckoned in degrees, minutes and 
sexagesimal parts. 

The best method of determining longitude has long 
been an object of inquiry by the mariner and the geog- 
rapher, the nlechanic, the statesman, and the philoso- 
pher. 

Philip III. of Spain, we are informed, offered a re- 
ward of a hundred thousand crowns for the discovery 
of longitude. The States of Holland, then the rival of 
Spain, soon after followed the example. During the 
minority of Lewis XV., the Regent of France offered a 
great reward for the discovery of longitude, at sea. 
About the year 1675, in the time of Charles II. of 
England, the royal observatory was built at Greenwich. 
Mr. Flamstead was appointed astronomer royal. In- 
structions were given to him and his successors, " that 
they should apply themselves with the utmost care and 
diligence to rectify the tables of the motions of the 
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heavens, and the places of the fixed stars, in ord^ to 
find out the so much desired longitude at sea, for the 
perfecting of the art of navigation." * 

In 1714, the British parliament offered £10,000 for 
the discovery of longitude, if the method determined it 
to 1° ; £15,000 if it determined to 40^ ; and £20,000 
if it determined to 30' ; with a proviso, that if such 
*method extended but to 80 miles adjoining the coast, 
the proposer should have but half the reward. On 
this act, Mr. John Harrison received the premium of 
£20,000, for his time-keeper. Several other acts were 
passed in the reigns of George 11. and George III. for 
the encouragement of finding longitude. An act pass- 
ed in 1774, said to be the last of that government on 
the subject, repealing all the former acts. This act di- 
minishes the premium to half the fii:«t great oflfer. 

The United States have not been inattentive to the 
subject of longitude ; so far, at least, as respects the es- 
tablishment for themselves of a first meridian. In the 
year 1809, Mr. Lambert of Virginia presented to <;on- 
gress a memorial on the subject of longitude. He 
COTamences by stating, " that the establishment of a 
first meridian for the United States of America, at the 
permanent seat of government, by which a further de- 
pendence on Great Britain, or any other foreign na- 
tion, for such a meridian, may be entirely removed, is 
deemed to be worthy the consideration and patronage 
of the national legislature." An ihteresting report on 
this memorial was made in March, 1810, by a select 
committee of the house of representatives, of which 
Mr. Pitkin, of Connecticut, was chairman. An extract 
from this report may deserve a place even in a com- 
pendium of astronomy. 

" The committee have deemed the subject worthy the 
attention of congress, and would therefore beg leave to 
observe, that the necessity of the establishment of a 
first meridian, or a meridian which should pass through 
some particular place on the globe, from which geogra-. 
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phers and navigators could compute their longitude, is 
too obvious to need elucidation. 

** The ancient Greek geographers placed their first 
meridian to pass through one of the islands^ which by 
them were called the Fortunate Islands, since called 
the Canaries. Those islands were situated as far west 
as any islands that had then been discovered, or were 
known by ancient navigators in that part of the world. 

" They reckoned their longitude east from Hera, or 
Junonia, supposed to be the present island of Ten- 
eriflfe. 

" The Arabians, it is said, fixed their first meridian 
at the most westerly part of the continent of Africa. 
In the fifteenth and sixteenth centuries, when Europe 
was emerging from the dark ages, and a spirit of enter- 
prise and discovery had risen in the south of Europe, 
and various plans were fonped, and attempts made, to 
find a new route to the East Indies, geographers and 
navigators conunued to calculate longitude from Fer- 
ro, one of the same islands, though some, of them ex- 
tended their first meridian as far west a& the Azores, or ' 
Western Islands. 

'' In more modem time^, however, most of the Euro- 
pean nations, and particularly England and France, 
have established a first meridian to pass through the 
capital, or some place in their respective countries, and 
to which they have lately adapted their maps, charts, 
and astronomical tables. 

"It would, perhaps, have been fortunate for the sci- 
ence of geography and navigation, that all nations had 
agreed upon a first meridian, from which all geogra- 

Sihers and navigators might have calculated longitude ; 
ut as this has not been done, and, in all probability, 
never will take- place, the committee are of opinion, 
that, situated as we are in this western hemisphere,- 
more than three thousand miles from any fixed or 
known meridian, it would be proper, in a national point 
of view, to establish a first meridian for ourselves [ and 
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that measures should be taken for the eventual estab* 
lishment of such a meridian in the United States. 

'^ In examining the maps and charts of the United 
States, and the particular states, or their sea-coasts, 
which have been published in this country, the com- 
mittee find that the publishers have assumed different 
places in the United States, as first meridian. This 
creates confusion, and renders it difficult, without con* 
siderable calculation, to ascertain the relative situation of 
places in this country. This difficulty is increased by 
the circumstance, that, in Louisiana, our newly-acquired 
territory, longitude has heretofore been reckoned from 
Paris, the capital of the French empire. 

*^ The exact longitude of any piaoe in the United 
States being ascertained fnxn the mendian of the ob* 
servatory at Greenwich, in England, a meridian with 
which we have been conversant, it would mt be dtffi«- 
dtilt to adapt all our maps, charts, and astronomical 
tables, to the meridian of such place. And no place^ 
perliaps, is more proper dian the seat of government." 

The memorial, the report of the committee, and oth«> 
er papers, were afterwards referred to Mr. Monroe, then 
secretary of jstate, and late president of the United 
States. His opinion fully accorded with that of the 
committee, in favor of establishing a first meridian for 
the United States, and that it should be at Washington, 
the seat of government. 

The subject was afterwards referred to another com- 
mittee of the house of representatives, of which Dr. 
Samuel L. Mitchill of New York was chairman. 
The report of this committee was in full accordance 
with the preceding sentiment, and in favor of the 
establishment of a first meridian at the seat of govern- 
ment. 

To these high authorities, that of the illustrious 
Washington may be added, as stated by Mr. Lambert, 
in 1821, in his address on the subject to the president 
of the United States. 

" The illustrious personage, by whose name^ the me- 
14* 
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tropolis of the American Union has been designated, 
unquestionably intended, that the capitol, situated at, 
or near, the centre of the District of Columbia, should 
be a first meridian for the United Stales, by causing, dur- 
ing the first term of his presidency, the geographical 
position of that point, in longitude 0^ 0^, audits latitude, 
38^ 53' north, as found by Mr. Andrew EUicott, to the 
nearest minute of a degree, to be recorded in the origi- 
nal plan of the city of iVashington." 

Relative or apparent time differs four minutes for a 
degree, or one hour for every 15^ of longitude. To 
the east, it is later ; to the west, earlier. When it is 
noon with us, it is one, P. M., 15° east ; eleven, A. M., 
15^ west Washington, according to Mr. Lambert, 
is 760 65' 30'' west of Greenwich. It is 6 h. 52 ip. 
18s., A. M., at Washington, when it is noon at Green- 
wich. Boston is 159^ 32' west of Qalcutta. When 
it is noon at Boston, it is 10 h. 38 m. 8 s., P. M., at Cal- 
cutta. If, therefore, by an exact time-keeper, or ob- 
servation on the heavenly bodies, the time of day at 
the meridian, from which longitude is reckoned, and 
also the time at the place of observation, can be 
known, the diflference converted into motion will show 
the longitude. 

A good time-keeper, clock or watch, forms one 
method of computing longitude. Such time-keeper, 
set for any meridian, will not, when carried east or 
west, correspond with the apparent time. But its dif- 
ference from the time at the place of observation, turn- 
ed into motion, would, if true, give the longitude.. If 
a ship, sailing from London to Boston, should set a 
watch for the meridian of London 6' west of Green- 
wich, such watch, if perfectly accurate, would give the 
time 4 h. 43 m. 25 s., P,. M. when the Sun is on the meri- 
dian at Boston. No clock or watch, however, yet in- 
vented, has been found entitled to perfect dependence. 
Even the time-keeper of Mr, William Harrison was 
found subject to considerable error, when tried at the 
royal observatory by Dr. Maskelyne ; though it had 
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made a voyage from England to Barbadoes and back 
again, varying but 54 seconds in 156 days, or, as was 
thought, with proper allowance, only 15 seconds in that 
time. 

The eclipses of Jupiter's satellites, happening very 
often, form an excellent method of determining longi- 
tude on land. Like those of the Moon, they are seen 
at the same absolute time in all places, where they are 
visible. The difference in relative time, then, will show 
the longitude. Suppose an eclipse of the 4th satellite 
of Jupiter be set in the Nautical Almanac published for 
Greenwich at 4 b. 25 m., A. M., on a particular day, and 
the same is observed in the United States at 1 1 h. 17 m. 
18 s., P. M., of the preceding day. What is the differ- 
ence of longitude ? • 

4h. 25 m. Os. 
—1 1 h. 17 m. 18 s. 



5 7 42 

In making this subtraction, it will be perceived, from 
the nature of the case, that 12 must be added to the 
hours of the minuend, or upper number. Convert 5 h. 
7m. 42 s. into motion, by allowing 15^ for each hour, 1^ 
for every 4 minutes, and 1 minute for every 4 seconds, 
and so on for thirds, you have the difference of longi- 
tude 760 55' 30'^ 

It is said, the difficulty of observation at sea renders 
eclipses of Jupiter's satellites of but little practical util- 
ity to the mariner in computing longitude. 

Imnar observations form another method of deter- 
mining longitude. This method is a great modem im- 
provement in navigation. The idea is not very mod- 
ern. " M. de la Lande mentions certain astronomers, 
who, above two hundred years ago, proposed this meth- 
od, and contended for the honor of the discovery ; but 
its present state of improvement and universal practice 
he very justly ascribes to Dr. Maskelyne." This last- 
mentioned astronomer first proposed and superintended 
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tbe construction of the Nautical Almanac. In this 
the angular distance of the Moon from the Sun and 
certain fixed stars is inserted for every third hour in the 
jday, calculated for the meridian of Greenwich. " If, 
therefore, under any meridian, a lunar distance be ob- 
served, the di^rence between the time of observation 
and the time in the Almanac, when the same distance 
was to take place at Greenwich, will show the longi- 
tude." The stars selected for the Almanac are nine, 
viz. the Alpha, or first star of Aries, Aldebaran of 
Taurus, Pollux of Gemini, Regulus of Leo, Spica of 
Vii^, Antares of Scorpio, Altair of Aquila, Fomalhaut 
of Fiscis Australis, and Markab of JPegasus. Tbe 
Nautical Almanac is annually published io England by 
the commissioners of longitude. 

For practice in finding longitude, with the necessary 
tables, the student is referred to Dr. Bowditch's useful 
work, the " Practical Navigator." 

Except a small variation on account of the spheroid- 
ical figure of the Earth, degrees of latitude remain the 
same, or of equal length, on every part of the globe. 
But those of longitude decrease from the equator to tbe 
poles, where they become extinct. The number of 
degrees in a circle of longitude is the same in all lati- 
tudes ; but the number of miles in a degree continually 
lessens each way from the equator. The student vers- 
ed in trigonometry may be informecl, that the propor- 
tion is — as radius is to the cosine of any given latitude, 
so is tbe number of miles in a degree of longitude at 
the equator, to the number of miles in a degree of lon- 
gitude at such latitude. 

The table following may be useful, not only as giv- 
ing the number of miles in a degree of longitude at any 
distance from the equator ; but tor comparing geograph- 
ical with statute miles, 60 geographical and 69^ statute 
miles being the length of a degree of longitude at the 
equator. 
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A TABLE OF GEOGRAPHICAL AND STATUTE MILES IN A 
DEGREE OF LONGITUDE AT EACH DEGREE OF LAT- 
ITUDE FROM THE EQUATOR. 



Dee. 


Geog. 


Stat. 


Dejf. 


Geoff. 


Stat. 


neg. 


Geog. 


Stitt. 


lat. 


milei. 


miles- 


lai. 


miles. 

51.43 


miles. 


lat. 

61 


miles. 


miles. 


1 


59.99 


69.49 


31 


59.57 


29»09 


33.69 


2 


59.96 


69.46 


32 


50.88 


58.94 


62 


28.17 


-32.63 


3 


59.92 


69.40 


33 


50..32 


58.29 


63 


27.24 


31.55 


4 


59.85 


69.-33 


34 


49.74 


57.62 


64 


26.30 


30.47 


5 


59.77 


69.23 


35 


49.15 


56.93 


65 


25.36 


29.37 


6 


59.67 


69.12 


36 


48.54 


56.23 


66 


24.40 


28.27 


7 


59.55 


68.98 


37 


47.92 


55.51 


67 


23.44 


27.16 


e 


59.42 


68.82 


38 


47.28 


54.77 


m 


22.48 


26.04 


9 


59.26 


68.64 


39 


46.63 


54.01 


69 


21.50 


24.91 


10 


59.09 


68.44 


40 


45.96 


53.24 


70 


20.52 


'^.77 


11 


58.90 


68.22 


41 


45.28 


52.45 


71 


19.53 


22.63 


12 


58.69 


67.98 


42 


44.59 


51.65 


72 


18.54 


21.48 


13 


58.46 


67.72 


43 


43.88 


50.83 


73 


17.54 


20.32 


14 


58.22 


67.43 


44 


43.16 


49.99 


74 


16.54 


19.16 


15 


57.96 


67.13 


45 


42.43 


49.14 


75 


15.53 


17.99 


16 


57.68 


66.81 


46 


41.68 


48.28 


76 


14.52 


16.81 


17 


57.38 


66.46 


47 


40.92 


47.40 


77 


13.50 


15.63 


18 


57.06 


66.10 


48- 


40.15 


46.50 


78 


12.47 


14.45 


19 


56.73 


65.71 


49 


39.36 


45.60 


79 


11.45 


13.26 


20 


56.38 


65.31 


50 


38.57 


44.67 


80 


10.42 


12.07 


21 


56.01 


64.88 


51 


37.76 


43.74 


81 


9.39 


10.87 


22 


55.63 


64.44 


52 


36.94 


42.79 


82 


8.35 


9.67 


23 


55.23 


63.98 


53 


36.11 


41.a3 


83 


7.31 


8.47 


24 


54.81 


63.49 


54 


35.27 


40.85 


84 


6.27 


7.26 


25 


54.38 


62.99 


55 


34.41 


39.86 


85 


5.23 


6.06 


26 


53.93 


62.47 


56 


33.55 


38.86 


86 


4.19 


4.85 


27 


53.46 


61.92 


57 


32.68 


37.85 


87 


3.14 


3.64 


28 


52.98 


61.36 


58 


31.80 


36.83 


88 


2.09 


2.43 


29 52.48 


60.79 


59 


30.90 


35.80 


89 


1.05 


1.21 


30 5L96 60.19 


60 


30.00 34.75 


90 


0.00 0.00 



Where is the centre of the meridian and other great circles of 
the Earth ? Are the great circles of the globe considered as celes- 
tial circles ? What may be used, in regard to these circles, in de- 
termining latitude and longitude ? What two things being 
known, may the latitude of a place be determined ? Iiow may 
the zenith distance of a heavenly body be obtained .'* What cor- 
rections are required in finding the altitude of the Sun or Moon ? 
How near to the pole star does the north pole of the Earth point ? 
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Is it drawing nearer, or recedinsr ? What is meant by senU'^tiaim& 
ter in these calculations ? What is meant by depression of <Ae 
horizon f Does it increase, or not, with the heignt of the eye ? 
From what is longitude reckoned ? What did Philip III. of Spain 
offer for the discoyery of longitude ? What other goyemments 
offered rewards for this discoyery ? . When was the royal obsenra- 
tory at Greenwich built ? What instructions were giyen to Mr. 
Flamstead, the first astronomer royal, and his successors, respect- 
ing longitude ? What did the British parliament offer, in 1714, for 
the discoyery of longitude ? What premium did Mr. John Harri- 
son obtain for his time-keeper ? Has the goyemment of the Unit- 
ed States paid any attention to the subject of longitude ? Who, in 
1809, presented a memorial to congress on this subject P Where, 
according to the committee of congress, did the ancient Greeks 
fix their first meridian ^ Where did the Arabians establish theirs ? 
In more modem times, what haye most European nations done ? 
What would haye been fortunate for the science of geography and 
nayigation ^ Is it likely that all nations will agree upon the same 
first meridian? Are there any reasons why the United States 
should establish a first meridian for tbemselyes ? In the maps and 
charts of the United States, is longitude always reckoned firom 
the same meridian ^ Through what important place ought the 
first meridian of the United States to pass .'' What was the opin- 
ion of Mr. Monroe on this subject ^ Where did General Wash- 
ington intend the first meridian of the United States should pass ? 
How many degrees of lonntude east or west make an hour's dif- 
ference in relatiye time ? is it earlier in the day, or later, to the 
east of us ? tiow is it to the west ^ How can difference of Ion- 

fitude be ascertained by a good time-keeper ^ Haye any time- 
eepers been found so accurate as to be ehtitled to perfect depen- 
dence? How can the eclipses of Jupiter's satellites be used for 
determining longitude ? Can these eclipses be xonyeniently used 
at sea ? Are lunar obseryations for finding longitude perfectly 
modern ? To whom are we indebted jfbr the present state and 
practical improyement of these obseryations ? Who first proposed 
and superintended the construction of the Nautical Almanac ? 
In this, from what is the angular distance of the Moon taken ? 
How are lunar obseryations used in determining longitude ? 
What stars are used for these obseryations ? Do decrees of lati- 
tude differ in different places ? How do degrees of longitude dif^ 
fer ? How is the table of longitude useful P 
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CHAPTER XVI. 



Meteors, 



In some astronomical works are to be found accouqts 
of lightning, thunder, clouds, aurora borealis, and even 
of wind, rain, snow, and hail. These, though highly 
important, and deserving the attention of the chemist 
and the student in general philosophy, seem not con- 
nected with astronomy, nor deservbg a place in a 
work intended to be exclusively astronomical. 

But aerolithes, or falling stones, seem worthy of 
some notice, even in a compendium of astronomy. 
" It must be reckoned," says Rees's Cyclopaedia, " among 
the wonders of the age in which we live, that consider- 
able portions of these heavenly bodies are now known 
to have descended to the Earth. So wonderful and un- 
expected an event was at first received with /mcredulity 
and ridicule ; but we may now venture to consider the 
fact as well established as any other hypothesis of nat- 
ural "philosophy, which does not actually admit of math- 
ematical demonstration." 

One of the earliest accounts we have of thesfe phe- 
nomena is given by Livy, in his History of Rome. He 
tells us that, in the time of TuUus Hostilius, the succes- 
sor of Numa, and third king of Rome, it was announced 
to the king and to the fathers, that it rained with stones 
on mount Albanus ; that these stones fell from heaven 
not otherwise than when the winds drive the hail thick 
' to the Earth. 

Pliny mentions, that a large stone fell in Thrace, in 
the second year of the 78th Olympiad. 

Three large stones are said to have fallen in Thrace, 
in the year before Christ 452. 

It would be useless to dwell on the numerous ac- 
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counts of these phenomena handed down to us from 
great antiquity. But it may be proper to give a few 
instances of the falling of these stones in modern times, 
received on the authority of different authors. 

A shower of falling stones, 1200, one of 120 lbs., is 
related to have happened near Padua, in Italy, in 1510. 

April 6, 1804, a stone of this kind fell near Glasgow, 
in Scotland. Several gentlemen of the university well 
ascertained the particulars of this phenomenon. 

But New England affords one of the best authenti- 
cated accounts of these wonderful stones. Professors 
Silliman and Kinesley visited and carefully examined 
every spot where it was ascertained these stones had 
fallen. The principal fall was within the" bounds of 
Weston, in Connecticut; though the most northerly 
was in Huntingdon, on the borders of Weston. Some- 
thing of the original account deserves to be extracted. 
" The meteor which has so ' recently excited alarm in 
many, and astonishment in all, first made its appearance 
in Weston, about a quarter or half past six o'clock, on 
Monday the 14th of December, 1807. The morning 
was somewhat cloudy, mingled with spots of clear, a 
space of 15^ along the northern horizon perfectly 
clear ; there was little or no light, except from the 
Moon, just setting. 

" Judge Wheeler was passing through the enclosure 
adjoining his house, with his face towards the north, and 
his eyes on the ground, when a sudden flash across the 
northern sky made him look up ; he immediately dis- 
covered a globe of fire, passing behind the first cloud, 
which was very dark, and obscured the meteor. In 
this situation, its appearance was distinct, like the Suri 
seen through a mist. Its progress was not so rapid as 
that of common meteors and shooting stars. When it 
passed the clear sky, it flashed with a vivid light, not so 
intense as lightning in a thunder-storm, but like what is 
called heat lightning. Its surface was apparently con- 
vex. When not too much obscured by clouds, a con- 
ical train of paler light attended it waving, and in length 
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about 10 or 12 diameters of the body. In the clear 
sky, there was a brisk scintillation about it, like a 6re- 
brand carried against the wind. It disappeared about 
1 5^ short of the zenith, and the same number west of 
the meridian. It did not vanish instantaneously, but 
grew fsunter, as a red-hot cannon ball would do, cooling 
in the dark, only much more rapidly. 

'' About 30 or 40 seconds after this, three loud and 
distinct reports, like those of a four-pounder, near at 
hand, were heard. They succeeded each other rapid- 
ly, and did not occupy above three seconds. Then 
followed a continual rumbhng, like a cannon-ball roll- 
ing over a floor, sometimes louder and sometimes 
fainter." 

There were six places where stones fell on this oc- 
casion ; the most remote, nine or ten miles from each 
other. One fell on a rock of granite with a loud re- 
port. It was broken into fragments, thrown to the dis- 
tance of 30 feet, some part reduced to powder. One 
mass of this fall was found sunk two feet below the sur- 
face of the ground. Of the masses found, two weigh- 
ed 35 lbs. each ; one, 25 lbs. l^rom the fragments found 
of one, it was thought it must have weighed nearly 
200 lbs. 

A great similarity is found in these stones, when ex- 
amined chemically, in different parts of the world, 
where they had fallen. But they are very different 
from the other stones on the surface of the Earth. 

Much speculation has been excited respecting the 
origin of the aerolithes. Prior tells us, " The most 
prevalent opinion among modern philosophers is, that 
they are concretions actually formed in the atmosphere 
itself" But that such solid and weighty bodies should 
be formed in the rare medium of the atmosphere, 
would be more wonderful than the falling stones them- 
selves. Some have supposed they originate in the 
asteroids. 

Perhaps the most probable opinion is that of La 
Place, '^ that the stones are projected by lunar volcanoes 

15 
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within the sphere of terrestrial attraction." The Moon 
is but 240,000 miles from the Earth. The force of at- 
traction in different bodies is as the Quantity of matter. 
Of this, that of the Earth is to that ot the Moon as 1 to 
.025» Hence the neutral ground between the two bod- 
ies must be vastly nearer the Moon than th6 Earth. 
Whenever matter thrown up by a volcano from the 
Moon, passes this ground, it must irresistibly be drawn 
to the Earth. 

The luminous meteors usually denominated shooting 
Hars seem different in their origin, and to be of spe- 
cies different from aerolithes, or falling stones. In some 
instances, m which these meteors have appeared in im- 
mense numbers, for many hours in succession, and over 
an extensive region, no falling stones have been discoy- 
ered, nor any traces been found where they have mark- 
ed the Earth. 

Several noted instances of these meteors have oc- 
curred in modem times. An account of one is given 
by Humboldt, witnessed by himself and Bonpland at 
Uumana in South America. " The night of the 1 1th* 
of November, 1779, was cool and extremely beautiful. 
Toward the morning, from half after two, the most ex- 
traordinary luminous meteors were seen towards the 
east. Bonpland, who had risen to enjoy the freshness 
of the air in the gallery, perceived them firet. Thou- 
sands of bolides, fireballs, and falling stars, succeeded 
each other during four hours. Their direction was 
very regular from north to south. They filled a space in 
the sky extending from the true east 30^ towards the 
north and south ; some of them attained a height of 
40°, and all exceeded 25° or 30°. There was very 
little wind, and no trace of clouds to be seen." 

Phenomena similar to those seen by Humboldt were 
extensively observed on the Atlantic ocean and the 
gulf of Mexico, on the 12th of November, 1799. 
The following account of these has been extracted into 
our papei's from the Newburyport Herald of that year. 
It was given by Captain Woodman, of the brig Nymph. 
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^^ On my passage home from the island of St. Do- 
mingo, being m lat. 29^ lon.7P,on the 12th of Novemberi 
at half past one o'clock in the morning, the weather be« 
ing very clear and pleasant, the wind to the eastward, 
the moon near the full, and shining very bright, observ- 
ed the stars to shoot in great numbers from every point 
of the compass ; and at 2 o'clock the whole atmosphere 
appeared to be full of stars, — I may say thousands of 
thousands, — shooting and blazing in all directions — ^in a 
most extraordinary and alarming manner, and so con- 
tinued till day-light. On my arrival at the Vineyard, I' 
met with several masters of vessels, who were on their 
passage at the same time, and said, that the stars made 
the same appearance to them, on the night above 
mentioned, though they were then several degrees to 
the northward of me." This account was dated New- 
buryport, December 20, 1799. 

These phenomena of November 12th, 1799, were 
witnessed by Mr. EUicott, when a commissioner to set- 
tle the boundary line between the United States and 
the Spanish possessions in North America. He de«- 
scribes them as '^ grand and awful. The whole heav- 
ens appeared as if illuminated with sky-rockets, which 
disappeared only by the light of the Sun after day- 
break. The meteoi*s, which, at any one instant of time, 
appeared as numerous as the stars, flew in all possible 
directions, except from the Earth." 

Captain Hammond, and his crew, when at Mocha in 
Arabia, on the 12th of November, 1832, witnessed a 
similar display of luminous meteors, and described them 
in similar language. 

The citizens of these United States will long remem- 
ber the night of the 12th, or the morning of the 13th 
of November, 1833. The brilliant exhibition of luminous 
meteors, which adorned the canopy from the St. Law- 
rence to the gulf of Mexico, and from the Atlantic to 
the Rocky mountains, perhaps has never been surpassed 
in the time of its continuance, or in the richness and 
grandeur of its appearance. 
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The display seems to have commenced, earlier, as 
seen from the southern, than from the northei-n sections 
of the Union. The following account is extracted 
from the Charleston Mercury of November 14th, 1833. 

" Those who were up before the dawn yesterday 
witnessed a most glorious sight, one glance at which 
were worth ten years of common life. The tempera- 
ture of the day before had been oppressive, the mercu- 
ry ranging as high as 7*8 degrees. At night, the atmos- 
phere became cooler, but not so much as to make a fire 
necessary for comfort. About 10 o'clock, P. M., shoot- 
ing stars were observed to succeed each other with unusu- 
al frequency, and continued to appear at short intervals 
during the night. But at about 3 o'clock in the morning, 
the wind, which had been from the west, having chang- 
ed, and blowing with some freshness from the north- 
east, there was a burst of splendor throughout the fir- 
mament, and its entire concave was thronged with innu- 
merable meteors, streaming athwart each other towards 
the horizon in every quarter, leaving long trains of light, 
as if millions of rockets were incessantly exploding. 
The literal shower of stars continued till day-light, ex- 
ploding in glittering confusion, as if the whole starry 
host were reeling madly from their spheres. 

"While this grand and beautiful spectacle lasted, a per- 
manent light, as strong as moonlight, was thrown through 
the windows of our chambers, and, although the sky 
was without a cloud, there were flashes, from time 
to time, of the most vivid lightning. The unusual light 
roused many from their beds, sorne supposing that the 
city was on fire. While every spectator must have 
gazed with feelings of awe, some were astonished into 
the liveliest terror." 

There is a striking coincidence of expression in the 
description of these phenomena in different and distant 
parts of the country. How far they were visible be- 
yond the limits of the United States is not yet ascer- 
tained. They are described as having appeared splen- 
did at St. George's Bank, three hundred miles from the 
coast. 
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The astonishing displays of meteors seen at different 
times, 1779, 1799, 1832, and 1833, all appeared at the 
same time of the year, or within a single day of the 
same time. This is worthy of notice and philosopbio 
inquiry. 

The cause of these phenomena, these showers of lu- 
minous meteors, evidently distinct from aerolithep, 
seenis now demanded from every quarter, by tfae wise 
and the simple, the learned and the unlearned. Mfmy 
hypotheses have been formed on the subject. Dr, 
Halley conjectured '^ that a stratum or train of inflamma'* 
ble vapor, gradually raised from the Earth, and accumu* 
lated in an elevated region, suddenly took fire, and, 
burning like a train of gunpowder, exhibited the me- 
teoric phenomena." The late President Clap of New 
Haven supposed fiery meteors to be terrestrial comets, 
revolving about the Earth. But his attention must 
have been fixed on others, and not on these showers of 
meteors. A learned professor, wishing for more infor- 
mation concerning the late meteors, thmks " it evident, 
that the point from Which the fireballs emanated was 
beyond the limits of our atmosphere ; that the balls were 
projected obliquely into the atmosphere ; that they were 
not at first luminous, but became so, and more and 
more so, as they reached the denser parts of the atmos- 
phere, until they exploded, or burst asunder; and that 
'they consisted of luminous vapor, such as, after explo- 
sion, remained suspended in the air." 

But the most probable conjecture seems to be, that 
these meteors are electrical phenomena. 

The state of the atmosphere is to be considered. 
The weather was warm for some time previous to the 
late display. On the day preceding, it was almost 
sultry. In the afternoon, there were gusts of wind, at- 
tended with sudden showers of rain, and lightning. 
"The atmosphere seemed to be saturated with elec- 
tricity." 

To account for these meteors on the principles of 
electricity is not new. Dr. Rees informs us, that " Dr. 

15* 
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Blagden proceeds to explain these meteors on the hy- 
pothesis, that they are electrical phenomena. His ar- 
guments are, 1st, from the great rapidity of their mo- 
tion, which seems to exceed any other we are acquaint- 
ed with, besides electricity ; 2dly, from certain electrical 
phenomena, which sometimes accompany these tnete- 
ors ; and, 3dly, from the connection which they have 
with the aurora borealis. Dr. Blagden concludes, that 
there are three regions of the atmosphere, distinguished 
by electrical phenomena peculiar to each; 1st, the 
lowest region, in which the thunder and lightning occur ; 
2dly, the middle region, where the fireballs and shooting 
stars are observed ; and, 3dly, the highest region, where 
the aurora l)orealis displays a peculiar kind of electrical 
agency." It is worthy of remark, that many accounts 
mention flashes of lightning during the late display of 
meteors. It is very probable, that the great meteor 
which passed over England, on the 18th of August, 
1783, was an electrical phenomenon. It went with im- 
mense rapidity, more than 1000 miles in about half a 
minute. 

Is it a fact, that stones have fallen from the visible heavens to 
the Earth ? How was the event of their falling first received ? 
Where do we find the earliest account of these falling stones ? 
Have there been many accounts of these stones handed down to us 
from antiquity ? Can you name some instances of these stones 
falling in modern times ? Has New England afforded any well- 
authenticated account of these wonderful phenomena ? Can you 
give some account of the meteor which appeared in Connecticut 
in 1807, and of the stones which fell on that occasion ? What are 
some of the opinions respecting the origin of falling stones? 
What appears to be the most plausible opinion ? Are there 
luminous meteors different in their origin from aerolithes or 
falling stones? Can you give an account of the meteors wit- 
nessed by Humboldt and Bonpland at Cumana in South Amer- 
ica f What other remarkable displays of luminous meteors can 
you mention ? What noted exhibition of meteors will the citizens 
of these United States long remember ? What is worthy of notice 
and philosophical inquiry in the several instances of these meteors 
in modem times ? How have different authors accounted for these 
meteors ? What seems to be the most probable conjecture respect- 
ing them ? What is Dr. Blagden's hypothesis ? 
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CHAPTER XVII. 

Artificiai Globes. 

Artificial globes are spheres intended to represent 
the Earth and the visible heavens. They are of two 
kinds, terrestrial and celestial. On the terrestrial is 
represented the Earth's surface, diversified with the 
principal divisions of land and water, forming a spheri- 
cal map of the whole ; on the celestial, the vbible 
heavens distinguished int9 constellations. For ccmve- 
nient use, a globe of either kind is placed upon a frame. 
On each, the great imaginary circles of the sphere, the 
tropics, and the polar circles, are represented. 

The equator on a terrestrial globe is about one eighth 
of an inch broad, graduated for longitude 180° each 
way from thp first meridian. 

The ecliptic^ about the same breadth, inclined to the 
equator in an angle of 23° 28^, is divided into signs, 
and subdivided into degrees, commencing at the first of 
Aries. » 

The brazen meridian is a circle of brass encompass- 
ing the globe from north to soyth, crossing the equator 
at right angles. The upper semicircle of this is grad- 
uated, beginning at the equator, and ending with 90° 
at the poles. The graduation of the lower semicircle 
begins at the poles, and ends with 90° at the equator. 
Besides this, there are other meridians drawn on the 
globe with dark lines, meeting at the poles. 12 of 
these, 24 semicircles, form the hour lines. The merid- 
ian passing through the equinoctial points is the equi' 
noctial coture. Another, passing through the solstitial 
points, is the solstitial colure. The horizon is repre- 
sented by a broad circle of wood, divided into four 
points, east, west, north, south, called the cardinal 
points* Next to the globe, on this, are the amplitudes, 
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graduated into four nineties, commencing at the east 
and west points. Without these are the azimuths^ 
graduated into four nineties, beginning at the poles. 
Next to these are the 32 points of the compass, con- 
taining 11^ 15^ each. Beyond these are the 12 signs, 
each having its appropriate name, figure, and character ; 
and each graduated as in the ecliptic. 

On the exterior circle of the horizon are represented 
the days of the months, adjusted to the signs, so that 
each day of a month is placed at the degree of the sign 
in which the Sun is at that time. Small figures betwten 
the divisions of days show how much the Sun is fast or 
slow of clock, marked (-{-) when the Sun is slow of 
clock, and ( — ) when it is fast. 

The two tropics are represented on a terrestrial globe 
by dark or colored lines, 23° 28' from the equator ; 
the two polar circles in the same manner 23° 28' fix)m 
the poles. 

Parallels of latitude, drawn to each 10°, are peculiar 
to this globe. 

An hour circle, about two inches diameter at the 
north pole, is divided into 24 parts, and numbered in- 
to two twelves, with a movable index attached to the bra- 
zen meridian pointing to the time. A similar circle at 
the south pole is divided and numbered in the same 
manner, but without an index, — time being computed 
from the brazen meridian. 

Some diversity is to be found in globes. The de- 
scription here given answers to Grardener's globe. 

Attached to some globes is a quadrant of altittide, a 
thin strip of brass, graduated into 90 parts, equal to 90° 
of a great circle. 

The circles of an artificial globe are best, learned by 
inspection with the globe at hand. 

To use a globe, stand facing the graduated side of 
the brazen meridian. 

To rectify a globe for the latitude of a place, elevate 
the nearest pole equal to the latitude of that place. 
When thus rectified, such place, brought to the brazen 
•iieridian, is at the top or highest point of the globe. 
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Suppose you would rectify for the latitude of Washing- 
ton ; raise the north pole till 38° 53' on the lower semi- 
circle of the brazen meridian comes to the upper side 
of the wooden horizon ; then Washington, brought to 
the meridian, will be at the highest point of the globe. 

The celestial globe has a representation of the zodi- 
ac. It has, also, besides the circles common to this and 
the terrestrial globe, secondaries, drawn perpendicular 
to the ecliptic at every ten degrees, meeting at the 
poles. The great circles are here graduated, as on the 
terrestrial globe. Except on the equator, the degrees 
are numbered in the same manner. This, beginning at 
the first of Aries, is numbered for right ascension 
eastward round the globe. 

In the solution of problems on artificial globes, great 
accuracy is not to be expected. Important general 
knowledge, however, may be obtained. 



Problems to be solved on the Terrestrial Olobe. 

Problem I. 

To find the latitude and longitude of a place. 
Bring the place to the brazen meridian. On the me- 
ridian above it is the latitude. The longitude is found 
on the equator at its intersection with the meridian. 
What are the latitude and longitude of Jerusalem ? 

Answer, about 32° N. 35° E.* 
Find the latitude and longitude of Canton in China. 

230 N. 1130 E. 

Problem II. 

When the latitude and longitude of a place are giv- 
en, to find the place. 

Find the longitude on the equator. Bring this to the 

* Lopgitude, in these problems, is reckoned from Greenwich, it 
being so placed on the globes. 
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brazen meridian. Directly under the latitude given is 
the place sought. 

What place is in 42° 23' N. ^l^ A' W. 



Boston. 
What place is in 34° 26' S. 18° 23' E. 

Cape of Good Hope. 

Problem III. 

To find the difference of latitude between two places. 

Bring each to the brazen meridian, and find the lati- 
tude. If both be of the same name, north or south, 
the less subtracted from the greater leaves the difier- 
ence of latitude. If the latitudes be of different names, 
one north and the other south, their sum is the distance 
sought. 

Give the difference of latitude between Washington 
and New York. 1^ 49'. 

What is the difference of latitude between Philadel- 
phia and Buenos Ayres ? 74^ 34^ 

Problem IV. 

To find the difference of longitude between two 
places. 

Find the longitude of each, according to the direc-* 
tion before given. If the longitudes be of the same 
name, east or west, their difference is the answer. 
When they are of different names, their sum, if less 
than 180^, is the result sought. If the sum be more 
• than 180°, subtract it from 360° ; the remainder is the 
difference of longitude required. 

Give the difference of longitude between Portsmouth, 
N. H., and Cadiz ? 64° 30^. 

What is the difference of longitude between St> 
Lewis and Paris? 92°. 

Find the difference of longitude between Cincinnati 
and Batavia. 168°. 
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Problem V. 

To find the distance between two places on the globe. 

With a pair of dividers gently applied to the globe, 
or the straight edge of a piece of paper, take the ex- 
tent between the places. With this extent applied to 
the equator, note the number of degrees, which, multi- 
plied by 69 J, give the distance in statute miles ; by 60, 
the distance in geographical miles. 

When a globe has a quadrant of altitude, the number 
of degrees between places may be ascertained by only 
taking the distance on the quadrant, without reference 
to the equator. 

What is the distance from Boston to London ? About 
3340 miles. 

What is the distance fix)m Cape St. Roque to Cape 
Verd? 1900 statute miles, 1640 geographical miles. 

Problem VL 

The hour of the day at a place being giveny to find 
the time at any other place. 

The place where the hour is given being brought to 
the brazen meridian, and the index set at the hour, 
turn the globe till the other place comes to the meridi- 
an ; the index will show the hour. 

What is the time at Cairo, in Egypt, when it is 9 
o'clock, A. M., at Boston,? 3 h. 47 m., P. M. 

When it is noon at Washington, what is the time at 
the Sandwich Islands? 6 h. 45 m., A. M. 

Problem VII. 

To find the Sun^s place in the ecliptic. 

The day of the month being found on the horizon, 
opposite to this, in the adjacent sign, is the degree of the 
Sun's place. The same sign and degree found in the 
ecliptic show the Sun's place. 
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The Sun's place in the ecliptic on the 4th of July is 
12^ of Cancer. 

Problem VIII. 

On a given day to find the declination of the Sun. 

On the brazen mendian, directly over the Sun's place 
in the ecliptic, brought to that meridian, is the Sun's 
declination. 

On the 1st day of May, the declination of the Sun is 
150 N. 

There is an anaJemma on the globe, where the decli- 
nation for each day is set against the days of the months. 

Problem IX. 

To find on a given day at what places the Sun is 
vertical. 

The degree of the Sun's declination being found on 
the brazen meridian, turn the globe round, and to all 
places coming under that degree the Sun is vertical. 

On the 28th of August, the Sun is vertical to the 
northern part of the Colombian republic, to Guinea, 
Abyssinia, the southern part of Hindostan, and Malacca. 

Problem X. 

To find at any given hour where the Sun is vertical. 

The place where the hour is given being brought to 
the brazen meridian, and the index set at the given 
hour, turn the globe westward for the forenoon, east- 
ward for the afternoon, till the index points to 12 ; un- 
der the degree of the Sun's declination is the place 
sought. 

Where is the Sun vertical on the 16>th of April, when 
the time is 11 o'clock, A. M., at Washington.? 

Near the mouth of the river Oronoco, in the Colom- 
bian republic. 



of }^i 
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Problem XI. 

To find J at any given place, and time of year, what 
hour the Sun rises and sets ; also the length of the day 
and night. 

The globe being rectified for the latitude of the 
place, find the Sun's place in the ecliptic, and bring it 
to the brazen meridian. , Set the index at 12. l\ini 
the globe eastward till the Sun's place comes to the 
horizon, the index will point to the time of the Sun's 
rising. Turn the Sun's place westward to the horizon, 
the index will show the time of his setting. 

Double the time of the Sun's setting for the length 
of the day ; of his rising, for the length of the night. 

On the 1st of June, the Sun rises at Boston about 
4 h. 30 m., sets about 7 h. 30 m. The length of the day 
is 15 hours ; of the night, 9 hours. 

Problem XII. 

At any place, to find at a given time where the Sun 
is rising, and where setting ; where it is noon, and 
where midnight. 

When the Sun is north declination, elevate the north 
pole, when it is south declination, the south pole, equal 
to the declination, and bring the place where the Sun is 
vertical at the hour to the meridian. The Sun appears 
rising to places at the western semicircle of the hori- 
zon ; setting, at the (eastern. It is noon at the meridian 
above the horizon ; midnight at the meridian below. 

On the 1st of January, h. 30 m., P. M., at Washing- 
ton, the Sun is rising at the western Sandwich Islands ; 
also a litde to the west of the Friendly Islands, and 
New Zealand. It is noon at Hudson's Bay, Upper 
Canada, Michigan Territory, Indiana, Kentucky, Ten- 
nessee, Western Georgia, Gulf of Mexico, and Guati- 
mala. The Sun is setting at Cape Farewell ; in Afri- 
ca, near the mouth of the Gambia, Liberia, and the 
Cape of Good Hope. 

16 
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Problem XIII. 



Tojindy by the ghbe and the table ofhngituHSley how 
fast any place moves by the revoltition of the Earth on 
its aocis. 

Fiod the latitude of the place by the globe, and the 
number of miles in a degree by the table. These, mul- 
tiplied by 15, give the answer required. 

Caraccas moves 1025 miles an hour. 

Nova Zembla moves 217 miles an hour. 



Problems to be solved by the Celestial Globe. 

Problem I. 

To find the declination of a star. 

Bring the star to the brazen meridian ; directly 
over it, on |he meridian, is the degree of its declinadon. 

The declination of Sinus is 160 30' S. 

The decUnatJon of Arcturus is 20° 20^ N. 

The declination of the Sun is found on this as on the 
terrestrial globe. 

Problem II. 

To find the right ascension of a star or the Sun, 

Bring the star or the Sun's place to the brazen merid- 
ian. At the intersection of the equator and the merid- 
ian, on the equator, is the degree of right ascension. 

The right ascension of Regulus is 149° 3(y. 

The right ascension of the Sun, on the 4th day of Ju- 
ly, is 102°. 

Problem III. 

To find a star on the globe^ when its declination and 
right ascension are given. 

Bring the right ascension to the brazen meridian. 
Under this, at the declination, the star will be found. 

What star is 5° 40' N. declination, 112° right as- 
cension ? Procyon. 
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Problem IV. 



At any plaecy the time of year being ^ven^ to find 
at what hour any star wUl rise^ be on the meridiany 
and set. 

The |lobe being rectified for the latitude of the 
place, bring the Sun's place in the ecliptic to the bra- 
zen meridian, and set die index at 12. Turn the globe 
till the star comes to the horizon eastward, the index 
will show the time of its rising. Bring it to the meridi- 
an, the index will point to the time. Turn it to the 
horizon westward, the mdex will show the time of its 
settine. ^_ 

At Boston, on the 20th of JanunHMMS rises at 
5 h. 45 m.,P. M., is on the meridian ar 10 h. 30 m., P. 
M., and sets at 3 h. 15 m., A. M., of the 21st. 

Problem V. \ 

The altitude of a star being gwen^ to fmd the time 
of night at a place proposed* 

Rectify the globe &r the latitude of the place. The 
Sun's place in the ecliptic being brought to the brazen 
meridian, set the index at 12. Turn the globe till the 
star comes to the altitude proposed; the index will 
point to the time. 

When Arcturus is 10^ above the western horizon on 
31st of August, what is the time of night at Boston ? 
9h. 45 m., P.M. 

Problem YI. 

The latitude of a place being given, to adjust the 
globe so as to represent the appearance of the heavens 
at any proposed hour of the night. 

The globe being rectified for the latitude of the 
place, and the Sun's place in the ecliptic brought to 
the brazen meridian, set the index at 12. Turn the 
globe eastward for the forenoon, westward for the after- 
noon, till the index points to the given hour. The ap- 
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pearance of the heavens, at the time proposed, will then 
be represented by the globe. 

Show the appearance of the heavens at Wastungton, 
March the 20th, at 7 o'clock, P. M. 

Arcturus is rising at 25° north of east. Procyon has 
nearly arrived at the meridian ; Sinus is a. little past; 
the bright constellation Orion, a little farther past. Ca- 
pella, to the north, is nearly in the same rank. A little 
farther in western declination are Aldebaran, the Hya- 
des, and Pleiades. 

The appearance of the heavens at Boston, on the 
23d of September, at 7h. 40 m., P. M., is required. 

Fomalhaut may be seen a little above the eastern 
horizon. Altair is on the meridian ; Vega a little de- 
clined from the zenith. The constellations Corona 
borealis, and Bootes, with bright Arcturus b&i decHning, 
adorn the hemisphere to the west. 



A familiar use of the globes is reconunended. By 
It the knowledge of (he student in geography and as- 
tronomy will be greatly improved. By it he will be 
more interested in contemplating the visiSle heavens — ^an 
amusement innocent and deli^tful for the evening or 
the most lonely hours of night. But, infinitely more 
important ! by observation on the celestial canopy ; 
by the greatness of the scenery presented, — ^he must be 
irresistibly led to the contemplation of the immensity 
and infinite goodness of Jehovah, the Author and 
Governor of all. 

What are artificial globes? Of how many kinds are they? 
What is represented on the terrestrial globe ? What on the celes 
tial ? How is the equator represented on the terrestrial globe, and 
how is it graduated ? How is the ecliptic represented and divid- 
ed ? What is the brazen meridian ? How is it graduated ? How 
is the horizon represented? How do you explain the different 
circles on the horizon ? What other circles are to be seen on the 
terrestrial globe ? How do you explain the hour circles ? What is 
it to rectify the slobe for the latitude of a place ? What circles 
are peculiar to the celestial globe ? How are degrees numbered 
on the equator of this globe ? 
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PLATE VI. 

Fig. 2, 
A Summer Springs 
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